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FOREWORD 


Three appendixes in support of Volume VII - SPS Program Plan 
and Economic Analysis , are contained in this document. This work 
was completed under the SPS Concept Definition Study (Contract 
NAS8-32^75) , Exhibits A and B. The three appendixes are: 

Appendix A - Satellite Power System Work Breakdown Structure 
Dictionary 

Appendix B - SPS Cost Estimating Relationships 

Appendix C - Financial and Operational Concept 

Other volumes of the final report that provide additional 
detail are listed below. 

Volume 

1 Executive Summary 

tl SPS System Requirements 

lil SPS Concept Evolution 

IV SPS Point Design Definition 

V Transportation and Operations Analysis 

VI SPS Technology Requirements and Verification 
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SATELLITE POWER SYSTEM WORK BREAKDOWN 
STRUCTURE DICTIONARY 

SOUR PHOTOVOLTAIC, CONCENTRATION RATIO (CR)-2 

INTRODUCTION 

The Satellite Power System (SPS) , because of its magnitude, duration, 
dollar costs, and interrelat ionship with other programs and users, is a very 
complex program. To establish a work breakdown strueture (WBS) that properly 
eheompasses the multiple faeets of this effort requires some innovative adjust 
mepts to the normal WBS display. At the same time it is important that the 
WBS retain, as nearly as possible, the standard WBS format with which managers 
are familiar. 

Generally a work breakdown structure Is thought to be a product oriented 
family tree composed of all the hardware, software, services, and other tasks 
necessary to define the program. It offers visual display, relates project 
elements, and defines the work to be aecompl i shed. The WBS is then a tool 
for faeli i tat ihg eomiiiuni cat Ions and understand i ng of a complex program by 
dividing this program into less complex, more manageaable subdivisions of 
elements. To maximize this ef feet ivehess , the WBS must be consistent and 
log i cal . 

The greatest shortcoming of a single WBS is its inability to be all 
things for all people. It is most desirable that the WBS provide a uniform 
basis for management and control, cost estimating, budgeting, and reporting, 
sehedulipig activities, organizational structurl ng , specification tree genera- 
tion, weight allocation and control, procurement and contracting act Iv it I es, 
and serve as a tool for prOgifam evaluation , To do all these things and at 
the same time meaningfully relate elements of the progiram in an optical dis- 
play and define the total work to be aecompl i shed places demands iiipon the 
WBS that usually necessitate compromises. 

Therefore, the WBS developed and defined herein is primarily tailored 
to the unique cost, economic, and programmatiG requirements Of SPS. Other 
users of the WBS may find some shoTtcomings with the structure, but It should 
serve all users reasonably well.. This WBS is designed to allow a standard 
and logical format for estimating SPS proj'eet cost, while at the same time 
permitting cost and economic comparisons of SPS to alternate and competitive 
eandi dates for producing power. 
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WBS MATRIX 


The total WBS matrix In Figure 1 is a three-dimensional structure 

that shows the Interrelationship of (1) the hardware and activities dimension, 
(2) the accounts end phases dimension, and (3) the elements of costs dimen- 
sion. This latter dimension Is not further developed at this time but is 
provided to show the overall expansion capability built into the WBS matrix. 
This dimension will become more important in later years when the SPS program 
approaches a Phase G/D start and is defined to the extent that the elements 
of cost can be planned and estimated with realism. 

There is, of couirse, the fourth dimension of time which cannot be 
graphically shown but must be considered also. Each entry on the other three 
dimensions varies with time, and it is necessary to know these cost values by 
year for budget planning and approval, and to establish cost streams for dis- 
counting purposes. 

While a mul tip! e^di mens i one 1 approach may at first appear unduly complex, 
It actually provides benefits that far outweigh any such concern. This 
structural interrelationship provides the eapafail i ty to v iew and analyze the 
SPS from a number of different financial and management aspects. Costs may 
be summed by hardware groupings, phases, functions, etc. The WBS may be used 
in a number of three-dimensional, two-dlimenslonal , or single-1 istlng format 
applications. 


accounts and phases dimension 

The accouhts and phases dimensloh differs somewhat from the typical 
breakout for government aerospace programs in that it has been: developed to 
also accommodate the financial involvement of the private sector, hence, the 
inclusion of the breakout of financial divisions or '''accounts."' Entries for 
taxes and insurance have been provided, and distinctions have been made 
between capital expenditures, which aire recoverable by annual .depreciation 
charges and are not deductible as expenses, and operation and maintenance 
charges against Income, which are deductible as expenses in the year ineuFred. 

To accomplish this objective five financial aeeOunts heVe been establ ish- 
ed. Research and experimental (R&E) expenditures include the costs for 
di rected supporting reseairch and technology (SRT) , advanced studies, and 
design development, test, and evaluation (pBT&E) . Initial capital Investment 
inciudes the costs assoc rated with Initial procurement and emplacement of the 
SPS plant and equipment. Replacement capital Investment Includes the costs 
associated with capital asSet replacements over the opeirating life of the SPS 
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(e.g., subsystem spare parts, overhauls* etc.). Operations and maintenance 
(OSM) Includes the costs of expendables (e.§., propellants for the propulsion 
subsystem thrusters), minor maintenance, repair crews, etc. Other expenses 
include the costs of taxes and insurance. The interrelationship of the 
financial accounts to the normal aerospace program phases of DDT&E, investment, 
and operations are al.so shown in this dimension of the WBS matrix to permit 
traceability to these more commonly recognized terms. 

It should be noted that the R5'E expenditure account is subdivided into 
several separate DDT6E accounts. This appears desirable because of the 
expected long duration of the SPS DDT&E phase and because it will likely be 
funded in steps. Each of these subdivisions actually constitutes a mini- 
program in itself and, when viewed in this iight, again breaks dov;n into 
design and development, Investment, and operations phases just as the total 
SPS program does. The number and timing of these steps are not yet known, 
and the four subdivisions presently designated are meant only to suggest 
probable development and test programs leading to the full scale SPS develop- 
ment. They undoubtedly will choHge as the definition of the development 
program matures. Some of these ••teps may well be accompl ished as a means of 
developing spaee-to-spaGe power for MASA and may not then be eonsidefed a 
part .of the SPS DDT&E as such. 


HARDWARE AND ACTIVITIES was DIMENSION 

The hardware and activities WBS dimension Gontains all the presently 
defined SPS hardware elements of the satellite system and ground system sub- 
divided into subsystems and assemblies, inherent within this dimension is 
the capability for further subdivision to lower levels of detail limited 
only by the realism of the requirements. 

■Required support hardware, possibly developed under the sponsorship of 
other programs, Is also displayed here for comp leteness and IneVudes such 
items as space stations, assembly and support equipment, and transportation 
vehicles. Some or all of these support elements may be developed for multiple 
project appl icat ions. A determination will be made later as to how much. If 
any, of the development costs of these support elements should be displayed 
under the SPS banner. 

Each of the elements of support hardware is broken out only at a summary 
level within the SPS WBS. However, they each have their own detailed work 
breakdown strueture which could be displayed in depth under the SPS WBS if 
requ i red. 

Finally, the hardware and activities WBS dimension also Includes the 
necessary system level and project level activities of program management, 
systems engineering and integration (SE&i), operations, etc., required to 
accompl i sh the overall SPS missions. 
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DICTIONARY ORGANIZATION 


The SPS dictionary is divided into: 

1. A graphic display of the three-dimensional WBS matrix (Reference 
Figure 1 ) . 

2. the definitions of terms of the accounts and phases dimension. 

3. The definitions of terms of the WBS hardware and activities dimension. 

A systematic numerical coding system coordinates the rows of the hardware and 
activities dimension to the columns of the accounts and phases dimension such 
that all matrix locations are identifiable by WBS number. 

in Figure 1 a dot signifies each matrix position that corresponds to an 
identifiable task that must be completed in the SPS program. Therefore, each 
dot a.1 so corresponds to a cost that will be incurred and must be accounted. 
Since each dot corresponds to one particular row of the hardware and activities 
dimension and also to one particular column of the accounts and phases dimen- 
sion, a complete definition of any dotted matrix position is constructed by 
combining the definitions from the two applicable dimensions. That Is, to 
avoid repetition, definitions are provided only once for each hardware and 
activities dimension row and only once for each accounts and phases dimension 
column, and a complete definition for any dotted matrix position is a combina- 
tion of these two definitions. 
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DEFINITIONS OF ACCOUNTS 


WBS TITLE: SATELLITE POWER SYSfEH 

WBS NUMBER: 1000- 

This element Is the total SPS project i he lading all accounts and phases 
as well as all hardware and activities. 


WBS TITLE: RESEARCH AND EXPERIMENTAL EXPENDITURES 

WBS NUMBER; 1100- 

This element Is an account of the SPS project. 

The R&E expenditures account Is a summation of those expenditures 
in cl dent to the researeh, design, and development of techniques, processes,, 
hardware, systems, etc., that are required and necessary to establfsh a viable 
SPS. This account includes costs of SRT efforts directed toward SPS appliea-^ 
tion, costs of advanced studies (prior to Phase C/D), and the DDTSE costs 
(Phase C/D) of the SPS project. These subaccounts are defined later in this 
document and are graphically displayed on the WBS matrix (Figure 1). Costs 
of general supporting research and technology work that would be performed 
regardless of the SPS projiect are not included, even though the SPS project 
may indriraetly benefit frotfi that work. 

This account includes costs of all the elements appearing ia the hardv'\/are 
and activities dimension of the WBS matrix (Figure 1) for which a dot appears 
in any of the R&E expenditures columns. 

For SPS Income tax purposes, RSI cos ts may be deducted in the year 
incurred in the same manner as business expenses. 
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WBS TITLE: INITIAL CAPITAL INVESTMENT 

WBS NUMBER: 1200^ 

This element is an account of the SPS project. 

The initial capital investment account Is a summation of those plant and 
equipment expenditures made for the initial procurement and installation of 
each full scale SPS. That is, this account collects the production, assembly, 
installation, transportation, test, etc., costs of each individual satellite 
and ground station that is associated with, and necessary to, bringing the 
power plant on-line (in government aerospace terminology, this corresponds to 
costs in the investment phase). Examples of costs collected in this account 
are the procurement cost and launch cost of the satellite system itself, the 
procurement cost of the ground system (including installation), and all other 
necessary costs to achieve this end such as those attributable to space 
stations, launch vehicle fleets, etc. Also included in pro rata share of 
such functional costs as program management. SESI , etc., related to the fore- 
going systems. Only costs incurred after the end of the DDT6E phase and prior 
to the initial operational capability (iOC) of each SPS are collected in this 
account. 

This account includes costs for all the elements appearing in the hard- 
ware and activities dimension of the WBS matrix (Figure 1) for which a dot 
appeairs in the initial capital Investment column. 

For SPS Income tax purposes, the Investment costs iii this account are 
recovered by annual depreciation charges. 

WBS TITLE: REPLACEMENT CAPITAL INVESTMENT 

WBS NUMBER; 1300- 

This element Is an account of the SPS project. 

The replacement capital investment account is a summation of those plant 
and equipment expenditures made for capital asset replacement and major 
maintenance overhauls that are expected to last more than 1 yea.r and result 
In an Improvement to the operating system. Examples of costs collected in 
this account are the costs of spares, their installation and associated 
Taunch costs or ground transportation costs, permanent Improvements In the 
system such as rotary joint replacement, installation of improved design 
satellite control equipment, etc., as well as pro rate shares of functional 
Goefes, These expenditures begin at the i0C and continue over the life of 
each SPS. 

This account includes costs for all the elements appearing in the hard- 
ware and activities dlifiension of the WBS matrix (Figure i) for which a dot 
appears in the Replacement capita] investment column. 

For SPS Income tax purposes, the investments In this account are 
recovered by annual depreGiatlon charges ^ 
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WB5 tm£; OPERATifJhiS AND MAINTENANCE 
WS NUMBER: UOO-^ 

This element is an account of the SPS project. 

Tile Gf.M account ,1 s a summation of those expenditures incurred in the 
day-tQ»'day operations beginning with the IOC and continuing over the life of 
each SPS. Examples of eosts collected in this account are wages of ope/ ations 
and maintenance personnel, minor repairs and adjustments to systems to maintain 
an ordinarily efficient operating condition, expendables and consumables, launch 
costs for transfer of on-orbit personnel and resupply of expendables and con- 
sumables, etc. 

This account ineiudes costs for all the elements appearing In the hard- 
ware and activities dimension of the WBS matrix (Figure 1) for which a dot 
appears in the Q£H column. 

For SPS income tax purposes, the costs collected In this account are 
deductible as business expenses in the year In which they are incurred. 


WBS TITLE: OTHER EXPENSES 

WBS NUMBER: 1 500- 

This element is an account of the SPS project. 

The other expenses account Is a summation of those expenditures incurred 
for taxes and Insurance arid casualty losses •beginning with the lOG and 
contihuing over the life of each SPS. Examples of costs collected in this 
account are federal and state Income-taxes, property taxes, property i ns u ranee, 
payload and launch vehicle losses, etc. 

This account includes costs for all the elements in the hardware and 
activities! dimensign of the V/BS matrix (Figure Ij for which a dot appears in 
the other expenses eoluriin. 

For SPS Income tax purposes, the costs eOliected In this aecount are 
deductible as business: expenses In the year In which, they aire Incurred, 
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WBS TITLE; DIRECTED SUPPORTING RESEARCH AND TECHNOLOGY 
WBS NUMBER: 1110- 

Tbis element is a subacGount of the R6E expendiiture account. 

The directed SRT. phase is an SPS diseipl ine-oriented activity very basic 
and fundamental in nature that Is pursued in a step?* by-step manner, but is in 
general nCt schedule oriented or related. Directed SRT Is designed to reveal 
a fundamental truth or aspect of natural law or an element of a physical 
science related to the SPS project. The product is usually data rather than 
hardware. However, the ires ults may be applicable to specific SPS hardware 
developments and result In improved means of accomplishing the SPS mission. 

An example of dl reeted SRT is a study of the likely effect of orbital 
space debris on the SPS satel Utei An example of general SRT not accounted 
for in the SPS WBS is an Air Force Study to Catalog such objects in Earth 
orbit, If the study would have been undertaken with or without the SPS. 


WBS TITLE: ADVANCED STUDIES 

WBS NUMBER; 1120^ 

This element Is a subaccount of the R&E expenditure account. 

The objective of the advanced studies phase Is to coriduet efforts and 
system studies that examine the future direction of the SPS project. New 
space systems, new operational concepts, and advanced uses of existing 
systems evolve from these studies In terms of cpnceptyal designs, . trade 
studies, and requl /ement defini tlons. Emphasis is given to both the utMiza'^ 
tion of existing systems that can be used to advance the SPS project capabMi'- 
ties at a ml nl mum cost and studies ©f potential new systems and operational 
eoncepts. 

Examples of advaneed studies are Pre-Phase A, Phase A, and Phase B 
studies. Pre-Phase A and Phase A studies are Concerned with the analysis of 
alternate overall SPS project approaches or concepts, the i denti f i cation of 
major project elements, and the eenslderatldn l=he feasibility of the^SPS 
objectives, in these phases, contracted effort is often limited to auxiliary 
studies in support of in-house activity. Phase B effort involves more detail- 
ed study, analysis, and preliminary systems design directed toward fad 11 tat- 
ing the choice of a single project approach from the alternate approaches 
selected thrbugh Phase A. In Phase B, the major effort is normally accomplish 
ed by eontraeted studies. 
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WBS TITLE: SPS SUBSYSTEMS DEiTSE (AUTOMATED) 

WBS NUMBER: 1130- 

This element is a suhaeeount sf the RSE expenditure aeeount. 

The SPS subsystems DDTSf (automated) subaeeount has been included as a 
generic subaccount only and is subject to modification as the definition of 
the SPS development program evoives. This subaccount is meant to Include 
any Shuttle automated paylbad developments defined as part of the overall 
SPS DDTsE and Is subdivided Into 3 areas: 

1) WBS Number 1131 “ DDT&E. The DDTsE area consists of one'^tlme costs 
associated with the design, development, and evaluation of eompon-^ 
ents, subsystems, and systems required in subsystem support of 
Shuttle automated payload developments defined as a part of the 
overall SPS«DDT&| phase. 

2) WBS Number 1132 - INVESTMENT. The Investment area consists of 
one-time post DDT&E efforts required for the Initial procurement 
and installait ion utilizing Shuttle automated payloads. 

3) WBS Number 1 133 ~ OPERATIONS. The Operations area consists of the 
effort required to operate and maintain the SPS projeec utilizing 
Shuttle automated payloads Over the Gperational 1 if.3time. 

As estabi i shed > the SPS V/BS includes four such generic subaccounts, WBS 
numbers 1130,. 11 113®, and Il60. Together, these four subaccounts comprise 
the DDTSE phase of the entire SPS project. 
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WBS tlTLE: SPS SUBSYSTEMS DDT&E (SORTIE) 

WBS NUMBER: T1<*0“ 

This element Is a subaccount of the R&E expenditure account. 

The SPS subsystems DDT&E (sortie) subaccount has been included as a 
generic subaccount only and Is subject to modification as the definition of 
the SPS development program evolves. This subaceount Is meant to include 
any Shuttle sortie payload developments defined as part Of the overall SPS 
DOTSE and Is divided into 3 lower level areas: 

1) WBS Number lll^l - DDT6E. The DDTSl area eonslsts of one-time costs 
associated with the design, development, and evaluation of compon- 
ents, subsystems, and systems required In subsystem support of 
Shuttle sortie payload developments defined as part of the overall 
SPS-DDT&E phase. 

2) WBS Number 1142 - INVESTMENT. The Investment area consists of 
pne^time post DDT&E effort required for the initial procurement 
and installation utilizing Shuttle sortie payloads. 

3) WBS Number 1143 ~ OPERATIONS. The Operations area consists of the 
effort required to operate and maintain the SPS Shuttle sortie pay- 
loads over the operational lifetime. 

As established, the SPS WBS includes four such generic subaccounts, WBS 
numbers 1130, Il40, llfO, and 1160 that eomprlse the DtTsE phase of the 
entire SPS project. 
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WBS TITLE: SPS DDTSE (SUBSGALE) 

WBS NUMBER: 1150- 

This element is a subaccount of the RSE expenditure aGGount. 

the SPS DDT&E (subsea le) subaeeount has been ineluded as a generic 
subaeeount only and is subjee-t to modification as the definition of the SPS 
development program evolves. This subaeeount is meant to Include any sub* 
seale developments (beyond Shuttle) defined as part of the overali SPS DDT&E 
and is divided into 3 subareas: 

1.) WBS Number 1151 - 0UTSE. This DDT&E area eon si sts of one*time costs 
associated with the design, developmeht , and evaluation of components, 
subsystems, and systems required In any subscale developments (beyond 
Shuttle) defined as part of the overall SPS DDT&E phase. 

2) WBS Number 1 152 * INVESTMENT. The Investment area consists of one- 
time post DDTsE effort required for the initial procurement and 
InstaMatiOn of subscale developments (beyond Shuttie). 

3) WBS Number 1 153 " QPERATIQNS. The Q-perations area of this element 
is included as a part of SPS-=^WBS element numbers 13©0, IbDD, and 
1500 vrithin the Operations Phase of the SPS commercial izatlon 
program. 

As estebl i shed , the SPS WBS includes fOUiF such generic subaCeounts, WBS 
numbers II 30, IIAO, 1150, and llbQ. Together, these four subaccounts comprise 
the DDT&E phase of the entire SPS pFojieet. 
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WBS TITLE: SPS DDteE (FULL SCALE) 

WBS NUMBfR; 1 160- 

This element is a subaccount of the RSE expenditure account. 

Hie SPS DDTSE (full scale) subaccount has been included as a generic 
subaccount only and is subject to modlf ication as the definition of the SPS 
development prog ram evolves. This subacGount is meant to include the deveiop- 
ments defined for the operational full scale SPS project and is divided into 
3 subareas; 

i) WBS Number Il6l - DDTSE. The DDTsE area consists of one-time costs 
associated wi th the Phase C/D design, development, evaluation and 
test of components, subsystems, and systems (satellite, ground 
system, HLLV» etc.) required to complete DDfsE developments as 
defined for the operatjonai full scale SPS project, 

1) WBS Number M62 - INVESTMENT, The investment area consists of 
one-i-time post DDTSE effort required for the initial procurement 
and installation of defined dayelopments (technology advancements) 
and their validation on an operational full scale SPS project. 

3) WBS Number I1'63 “ OPlRATIONS. the Operations activity of this 
element (and associated costs) become a part of SPS-WBS elements 
(iN umbers 1300', li»0Q, and IJOO) within the Operations Phase Of the 
SPS commercial ization plan. 

As established, the SPS WBS Includes four such generic subaccounts, WBS 
numbers 1130, H40, 1150, and ll60. Together, these four subaccounts ebmprise 
the DDteE phbse of the entire SPS project. 
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DEFINITIONS OF PHASES 


WBS TltLE; DESIGN, DEVELOPMENT, tEST, AND EVALUATION 
WBS NUMBER: N/A 

this element Is a phase of the SPS project. 

The DDTSE phase consists of the one-time costs associated with designing, 
developing, and evaTuatlng the components, subsystems, and systems required 
for the SPS project. It Ineludes the development engineering, testing, and 
support necessary to translate a performance specif I cation into a design. 

It encompasses the preparation of detai led drawings for system hardware fab- 
rication, system integration, and (depending on the system, subsystem, or 
Component) structural , environmental , and other requi red tests, it includes 
all ground tests, sortie tests, Subseale and full scale SPS tests, and all 
hardware fabrication required for such tests. Also included are the analysis 
of data and whatever redesign and retest activities are necessary to meet 
speci fleat i ons . It also rneiudes ground support equipment, special test 
equipment, and other program peeuViar costs not assoel ated wi th repetitive 
production. All SPS related support systems such as transportation, assembly 
and support facilities, and assembly/support equipment necessary to aceomplish 
the DDTsE phase, are included at present for Gompleteness. it may later be 
determined that some of these support systems will exist with or without SPS* 
therefore , they may not be chairgeab 1 e to the SPS pro j eet . 

As mentioned earlier In this report, the SPS DDT6E phase is actually com- 
posed of several mi nl prog rams . Generic subaccounts have been provided for 
these mini prog rams, and these were defined .previously. Some of these miini- 
programs may materialize for reasons other than SPS and, hence, may not be 
chargeable to the SPS projieet. 

(For a graphic display of the equivalency of the R6E expenditures account 
and’ the D;Df&E phase, 'see the WBS matrix Illustrated in Figure 1.) 
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WBS TITLE-: INVESTMENT 

WBS NUMBER: N/A 

This element is a phase of the SPS project. 

The investment phase consists of the one-time post-0DT6E efforts required 
for the initial procurement and Installation of each operational full scale 
SPS. The costs of this phase are collected In the Initial capital Investment 
account (WBS number 1200). (For a graphic display of the equivalency of the 
initial capital investment account and the investment phase, see the WBS 
matrix illustrated in Figure 1.) 

This element Ineludes plant and equipment expenditures made for the 
Initial proGurement and Installation of each full scale SPS Including costs 
attributable to the satellite system itself, ground system, space assembly 
and support facilities, launch vehicle fleets, and supporting functions such 
as program management and system engineering and integration. 


WBS TITLE: OPERATIONS 

WBS NUMBER: N/A 

This element Is a phase of the SPS project. 

The operations phase consists of the efforts required to operate and 
maintain the SPS project over Its operational lifetime. This phase Ineludes 
the recurring provisioning of spare parts for unseheduled repair, refurbish- 
ment, and major maintenance operations, the eps ts ‘<6.f 'Which are collected In 
the replacement capital Investment account (WBS nurnbeir 1300). AlsP Included 
in this phase are the day-to-day mission bperatiOhs, minor maintenance, 
admin is tratloH, and other acti vltl es such as train i hg requi red to effect the 
continuous operation of the SPS, the costs of which are eollected In the 
operat ions and maintenance account (WBS number 1^00). In addition, insurance 
and taxes are covered In this phase, and the costs aire eol lected in the other 
expenses account (WBS number 1500). (For a graphic display of the accounts 
Included within the operations phase, see the WBS matrix Illustrated In 
Fi gure V.) 
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DEFINITIOMS OF HARDWARE ANO ACTIVITIES 

WBS TiTLEj PROGRAM MANAGEMENT 
WBS NUMBER; -01-00-00 

This functional element includes efforts and material recjuired to direct, 
manage, and control the project. This element encompasses the following 
functions; 

1. Program Administration 

2. Program Planning and Control 

3. Gontraets Administration 

ki Engineefing Management 

5, Manufacturing Management 

6, Support Management 

7, duality Assuranee Management 

8, Gonf i guration Management 

9, Data Management . 

This element sums all of the direct effort required to provide management 
control ineluding planning, organizing, directing, and coordinating the project 
to ensure that overall project objeGtives are accomplished. These efforts 
overlay the funetional worlt areas (e.g., engineering, manufacturing, etc.) and 
assure that they are properly integrated. These element also includes the 
efforts required in the coordl nat Ion , gathering, and dissemination of manage- 
ment information. 


WBS TiTtE; SYSTEMS ENGINEERING AMD INTEGRATION 
WBS NUMBER: -02-00-00 

This functional element includes the engiineerlng efforts related to the 
establishment and meintenarnce Of a teehhieal baseline for a system by genera- 
tion of system GonfiguratlGn parameters, criteria, and requirements. It 
Includes fequiremehts analysis and Ihtegfctlon, system definition, system 
test definition, Ihterfaces, safety, reliability, and maintalnabi lity. It 
also includes those efforts required to mohitor the system developmenit and 
operations to ensure that the design conforms to the baseline specifications. 
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WBS TITLE: SATELLITE SYSTEM 

WBS NUMBER: •‘03^00-00. 

This eletnent is a system of the SPS pTbJeet. 

This element includes the hardware and activities that comprise the 
satellite subsysten?3 utilized to convert solar energy to eleetrical energy 
and for transmitting this energy by microwave to the ground station system. 

The fo 1 1 ow i ng s ubsys terns a re i ncl uded in this e lemen t : 

1. Program Management 

2. SE£l 

3. Structures 
k. Power Source 

Microwave 

6. Propulsion 

7, Avibnies 

8. thermal Gontrol 

9, Ground Assembly and Integration 

10. System Ground Test Mardware 

11. System Ground Test Operations 

12. Operations 

T3. Ground Support Equipment (GSE) . 
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WBS TITLE-: PROGRAM MANAGEMENT 

WBS NUMBER: -03-01-00 

This element is a subsysteit) of the satellite system. • 

This functional element includes efforts and material required to direct, 
manage, and control the project. This element encompasses the following 
functions: 

1. Program Administration i 

2. Program Pianning and Control 

3. Con tracts Administration 

4. Engineering Management 

5. Manufacturing Management 
' 6. Support Management 

7. Quality Assurance Management 

8. Configuration Management 

9. Data Management. 

This element sums all of the direct effort required to provide management 
contFoi including planning, organizing, directing, and Goordinating the pro- 
ject to ensure that oveFall project objectives are aecomp 1 i shed. These efforts 
overlay the functional work areas (e.g,. , engineering, manufacturing, etc.) and 
assure that they are properly integrated. This element also Includes the 
efforts requi red in the eoordi nation , gathering, and dissemination of manage- 
ment information. 


WBS TITLE: SYSTEMS ENGINEERING AN® INTEGRATION 

WBS NlilHBiR; -O 3 -O 2 - 6 O 

This element Is a subsystem of the satellite system. 

This functionai element includes the engineering efforts related to the 
establishment and malntenari.ee of a techhicai baseline for a systeiri by genera^ 
tion of system cohfi gurat ion parameters, criteria, and requirements. It 
ineiudes requi remen ts analysis and integration , system def i.hitioh, system test 
definition, interfaces, safety, reliability, and maintalnabjl ity. it also 
includes those efforts required to monitor the system deveiopment and opera- 
tions to ensure that the design conforms to the baseline specifications. 
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WBS TITLE: STRUCTURES 

WBS NUMBER: -O 3 -O 3 -OO 

This element is a subsystem of the satellite system. 

This element includes the mechanical members that form the basic frame- 
work for the SPS satellite as well as the secondary structure utilized to 
mount equipment. Also included in this element are rotary joint struecure 
and mechanisms that allow the antenna to change orientation relative to the 
main satellite body, and any mechanisms for positioning and actuating that 
are not an integral part of another subsystem. 

The following assemblies are included in this element; 

1. Antenna Structure 

2. Power Source Structure 

3 . Rotary Jolr|,t 

Ai Mechanisms 

5s Secondary Structure. 


WBS TITLE: ANTENNA STRUCTURE 

WBS NUMBER: -03^03'^01 

This element is an assembly of the structures subsystem. 

This element includes the basic supporting framework for the microwave 
antenna from the interface with the rotary joint. The antenna strueture 
provides support and does not include the waveguides or the radio frequency 
assemblies associated with the microwave subsystem. This element is limited 
to the prlmairy load eat ry In g elements and does not inelude secondairy structure 
such as eq.ulpfnent mounts, platforms, and space support equipment supports. 
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WBS TITLE:. POWER SOURCE STRUCTURE 
WBS NUMBER: -03-03-02 

This element is an assembly of the structures subsystem. 

This element includes the basic supporting framework for the energy 
conversion section of the satellite up to the Interface with the rotary 
joint including the non^^rotating inner ring structure that interfaces with 
the rotary joint. The power source structure provides support and does hot 
include any power source subsystem elements. This element is limited to the 
primary load carrying elements and does not Include secondary structure such 
as equipment mounts, platforms, and space support equipment supports. This 
element Includes that portion of the power distribution function where the 
primary structure serves as an electrical conductor. 


WBS TITLE: R0TARY JOINT 

WBS NUMBER: -03-03-03 

This element is an assembly of the structures subsystem- 

The rotary joint allows the antenna to rotate relative to the satellites 
main body so as to maintain a fixed attitude relative to the ground station/ 
reetenna. This element Includes the movable interface between the power 
source structure and the antenna structure excluding brush boxes, brushes, 
and slip rings as included in WBS element 03-0^-03. 


WBS TITLE: MECHANISMS 

WBS NUMBER: -03^03-04 

This element is an assembly of the structures subsystem- 

thts element includes all mechanical, eleetromeehanieaT , hydraulic, and 
pneumatic devices that posltloii, actuate, or articulate elements of the 
satellite. This element includes the screwjacks that align the microwave 
antenna subarrays. 
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W8S TITLE: SECONDARY STRUCTURE 

WBS NUMBER: -O 3 -O 3 -O 5 

This element is an assembly of the structures subsystem. 

This element incJudes all structure required as an interface between the 
primary structure and the mounting attach points of components, assemblies, 
and subsystems. It also Includes any structure required between two or more 
components or assemblies. Excluded are any mounting brackets that are 
provided as an Integral part of a component, assembly, or subsystem. 


WBS TITLE: POWER SOURCE 

WBS. NUMBER ; -03^04-00 

This element is a subsystem of the satellite system. 

This element includes the components for the generation of electrical 
power using a solar energy source. This element includes the distribution 
and eondi tloning of the electri cal power up to the interface with the rotary 
joint. The following assemblies are included in this element. 

]. Solar CeH Blankets 

2. Concentrators 

3. power Distribution and Conditioning 


WBS TITLE : SOUR CELL BLANKETS 

WBS NUMBER: -03-04-01 

This element Is an assembly of the power souree subsystem. 

This element converts solar energy to electrical energy and provides 
power to the buses In the power distribution and conditioning assembly. It 
includes the solar cells, cell covers, substrate, interGonnects , filters and 
thermal coatings, integrated power conditioning equipment such as switching 
diodes, If applicable, and meehanjeel attachments for mounting to the power 
source structure. Excluded are the tools and support equipment required for 
deployment of the blanket. 
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WBS tlTLE;. GONCENtRATORS 
WBS NUMBER: -03^04-02 

thli: element Is an assembly of the power source subsystem. 

this element eoneentrates the solar energy onto the solar eel! blanket 
or solar energy absorber. It ineludes the reflector substrate and refleet ive 
coating, plus any attachments required for mounting to the structure. Exclud- 
ed are tools and support equipment required for deployment. 


WBS TITLE; POWER DISTRIBUTION AND E'ONDl.TI ON ING 
WBS NUMBER: -03-04-03 

This element Is an assembly of the power source subsystem. 

This element Includes power Gonduetors and switches necessary to trans^ 
mlt elect plea I power from the power source to the rotary joint. Also 
included are the slip rings, brushes, and brush boxes required to conduct 
power across the rotary (movable) jolntj and energy storage provisions such 
as those provided by baitterles. The slip rlng/brush serves two functions: 
l) to transmit power across the movable joint and 2) to act as a bearing for 
loads from the stat|onai|-y to the rotating strueture. Gondyetprs that Would 
be an integral part of another assembly or subsystem, such as In the case of 
structures, are not Included. 
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WBS TITLE:- MICROWAVE 
WBS NUMBER: ^03-05*00 

This element is a subsystem ©f the sateilite system. 

This element includes the compenen'ts of the microwave power transmission 
subsystem. This subsystem, whose interface begins at the rotary joint, is 
utilized to convert the power source output to high power microwave energy 
for transmission to the ground-based receiving station. 

The following assentbUes are included in this element: 

1. Radio Frequency (RF) Generation and Beam Control 

2. Waveguides 

3. Power Distribution and Conditioning. 


WBS TITLE: RF GENERATION AND BEAM CONTROL 

WBS NUMBER; -03-00-01 

This element Is an assembly of the microwave subsystem. 

This element Includes the electronics necessary to Convert the dlFeet 
eurreht (de) eleetrlc power provided by the power distribution and condition- 
ing assembly to RF microwave poweri Included are the high power RiF transmit- 
ting devices such as klystrons and other related equipment including drlvcF. 
amplifiers, frequency Control electronics, and phase control electronics. 

This element also includes the computer Interfaces, software, and electronics 
equipment for retrodlreCtlve beam control . 


was TITLE: WAVEGUIDE 

WBS NUMBER: -03-00-02 

This element Is an assembly of the microwave subsystem, 

This element Includes the waveguide that receives the RF power from the 
RF generation and beam control assembly and radiates It t© the ground-based 
reCtehni. ■ 
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WBS TITLE;- POWER DISTRIBUTION AND GOMDITIONING 
WBS NUMBER; -03^05-03 

This element Is an assembly of the mierowave subsystem. 

This element Inel tides the power eonduetors, switches, and conditioning 
equipment that conduct dc or low frequency alternating current (ac) electric 
power from the rotary joint and provide regulated dc power to the RF genera 
ation and control equipment and any other power eonsuming equipment located 
OR the antenna 


WBS TITLE: PROPULSION (ATTITUDE CONTROL AND STATIONKEEPING SUBSYSTEM) 

WBS NUMBER: -03-Ob-OO 

This element is a subsystem of the satellite system. 

this element includes all the propulsion components required to effect 
and maintain the SPS satellite spec i fled position and orientation in space. 

The following assemblies are Included^ in this element: 

1. Attitude Control 

2. Orbital Haneuvering (Stat lonkeeplng) . 

Hardware which is common to both attitude control and orbital maneuvering 
shaM be Included in orbital maneuvering. 


WBS . TITLE: ATTITUDE CONTROL 

WBS NUMBiR: -03-06r0| 

This element Is an assembly of the propuislon subsystemi. 

This element Includes the propulsion hardwaipe that provides the torques 
required toorient the satellite and maintain its required attitude relat ive 
to the Suni Both chemical propulsion and electrical propulsion may be re- 
quired, and hardware elements include thrusters, tankage, lines and valves, 
propellants, support structure,, and elect ronles, Ixeiuded are attitude 
sensors and reaction wheels that are Included in the avionics subsystem, 
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WBS TITLE;- ORBITAL MANEUVERING (STATIONKEEPING) 

W6S NUMBER; *03-06-02 

This elemeniii is ari assembly of the propulsion subsystem. 

this element Includes the propulsion hardware that provides the thrust 
required to transfer the satellite from its assembly orbit to its required 
operationai position in geosynchronous Earth orbit (GEO). Satellite station- 
keeping is also maintained by this assembly. Both chemical and electrical 
propulsion may be required, and hardware elements include chemical engines, 
thrusters, tankage, lines and valves, propellants, support stroeture, and 
electronics, this element is required only when the propul s ion units are 
an integral part of the satellite and are not intended for reuse on other SPS 
sateliites. 


WBS TITLE: AVI ON ICS 

WBS NUMBiR: *03-07-00 

This element is a subsystem of the satellite system. 

This element includes those electrical and electTonic components requir- 
ed for the communications (including telemetry), j tracking, data handl ing , 
signal formatting, and attitude sphsing and control for the satellite. 

The following assemblies are included In this element: 

1. Data Management 

2. Communications and Trackihg 
3 • inst rumentat ion: 

k. Attitude Cohtroi. 


WBS TITLE: DATA MANAGEMENT 

WBS NUMBER: -03-07-01 

This eiement is an assembly of the avionics subsystem. 

This element ineiudes those components. that prpeess information onboard 
the sateilite. This includes signal conditioning, formatting, computations, 
and signal routing. 
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WBS TITLE:- eOMMUNl'CATIONS AND TRACKING 
WBS NUMBER: ^03-07-0? 

This eliement Is ah assembly of the avionics subsystem. 

This element ineludes those eoroponehts of the satellite that transmit 
signals to and/or receive signals from ether orbiting stations and the 
ground stations. 

IncTuded are eoitimuni eat Ions, telemetry, tracking, and eorrmand equipment. 


WBS TITLE: I'NSTRUMENTATION 

WBS NUMBER: =-O3-"07^O3 

This element Is an assembly of the avion tes subsystem. 

This element ineludes those components that measUTe various parameters 
on board the sa tel ll te such as temperature, voltage, flow rates, etc. This 
element Ineludes the sensors, remote signal eonditjonlng equipment, and the 
signal routing and distribution equipment. Exeluded fFoffi this element are 
those sensors that measure the attitude of the satellite. 


WBS TITLE: ATTITUDE CONTROL 

WBS NUMBER: -03-07-04 

This element Is an assembly of the avionies subsystem. 

This element Ineludes any onboard components that sense the attitude of 
the satellite. This element also Ineludes any control moment gyros (CMG) or 
react Ion wheels that are used for attitude Control plus figure control 
sensors and actuators, but excluding MW figure control actuators 
(contained In 03-03 ~04). 
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WBS TITLE:- THERMAL CONTROL 
WBS NUMBER; -OJ-OS-OO 

This element is a subsystem of the satellite system. 

This element includes any onboard equipment for dissipating or acquiring 
heat that is not an integral part Of another subsystem:. Included in this 
element are insulation, radiators, heaters, and heat transfer devices such 
as heat pipes that aire used to conti**?! the temperature of another subsystem. 


WBS TITLE: GROUND ASSEMBLY AND INTEGRATi ON 

WBS NUMBER: -03-09-00 

•This element is an activity of the satellite system. 

This element includes the ground'^based assembly and physical integration 
of flight subsystem and assembly hardwaire. It includes the assembly, test, 
and checkout required to integrate assemblies into an aeeepted flight article, 
included are ground assembiy and integration of the SPS subsystems develop- 
ment satellites such. as the automated, sortie, subseale, and full Seale 
satellites as well as the full scale operational sa tel ] I te system. The degree 
of asSerably varies with the f 1 ight system. For example, the automated pay- 
loads and possibly some sortie payloads are eompi etel y assembled on the 
ground; however, because of the large size of the subseale and full scale 
satellite systems, only certain subsystems and/or assemblies may be assembled 
prior to launch. 


WBS TITLE; SYSTEM GROUND TEST HARDWARE 
WBS NUMBER; -03 - 10-00 

This element is a subsysteiTi of the satellite system. 

this element ineludes the satelT ite system hardware required for ground- 
based systems tests ineVuding qual If ication tests and other develGpment tests 
involving two or more subsystems or assemblies. It ineludes the production, 
assembly, Integration, and eheekout of the hardware into a full or partial 
system test article. This element excludes hardware that will subsequently 
be used as operational protpf light or flight hardwire. This element also 
excludes test facilities or test fixtures required for the tests. 
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WBS TITLE:. SYSTEMS GROUND TEST OPERATIONS 
W8S NUMBER; -^OJ-I NOO 

This element is a subsystem of the satellite system. 

This element Ineludes the effort required for conducting gfound-based 
systems tests including qualification and other development tests involving 
two or more Subsystems or assemblies. It includes the planning, documenta- 
tion, and actual test operations. This element also includes design, develop- 
ment, and manufacture of special test equipment, test fixtures, and test 
facilities that are not included in other elements such as GSE. 


WBS TITUE: OPERATIONS 

WBS NUMBER: -03-1 2-^00 

This element is an activity of the satellite system. 

This element ineludes the planning, development, and conduct of opera-? 
t iona 1 sequences for ground support of assembly and checkout, payload launch, 
orbital assembly and checkout, and operation O.f the assembled SPS. 

The following subordinate elements are included in this element: 

1. Ground Operations 

2, Orbital Operations. 


WBS TITLE: GROUND OPERATIONS 

WBS NUMBER: ^03^12“0V 

This elemient is a subaetivity of operations. 

This element includes the planning, development, and conduct of ground 
operations required In support of the satellite prbltai assembly and check- 
out,, Ground operations required in support of satellite orbital transfer 
and sateVTite operations and maintendnee are Included in ground station 
system operations, for the early DDT£i programs such as automated (WBS 
number 1100) and sortie (WBS number 1200), this element Includes the ground 
mission operations required to accomplish the orbital tests and evaluations. 
Excluded are the launch vehicle miss ion operations that are included in 
element numbers 110O-^08-O2 and 1200-^Q8-Q2. 
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WBS TltLEt ORBITAL OPERATIONS 
WBS NUMBER: ^03-12-02 

This element is a subaetlvity of operations. 

This element includes the planning, development, and conduct of the 
on>orblt operations assoc rated with orbital assembiy and checkout, orbital 
transfer, and the orbital operatiohs and maintenance of the SPS. It 
includes the on-orbit personnel and expendabio maintenance supplies to 
support these activities, plus the Satenite operations and maintenance 
base located on the operational sateM ite. 


WBS TITLE; GROUND SUPPORT EQUIPMENT 
WBS NUMBER: -03-13-00 

This element is a subsystem of the satellite system. 

This eiement includes ail grPund-based hardware required in support of 
handling, servicing, test, and checkout of the satellite subsystems. It also 
includes special hardware required for simulations and training. Inciuded 
are the costs for design, development, manufacture, aeeeptance, qualification, 
and maintenance of the GSE equipment. It is recognized that various equip- 
ments can servo muit] purposes. For example, a: developmental moekup may 
later serve as a training aid after It has served its original purpose. In 
these instances, the original aequlsition cost is charged to the originai 
or f i rst purpose use, and subsequent usage will incur only the recurring 
operational and maintenance costs. 
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WBS TITLE:. GROUND STATION SYSTEM 
WBS NUMBER: -04*00-00 

This element is a system of the SPS project. 

this element includes the land, facilities, and equipment that comprise 
the ground subsystems ut 1 1 Ized to receive the radiated microwave power beam 
and i) provide the power at the required voltage and type of current for 
entr^ into the national power grid. Also Included are the equipment and 
facM It les necessary to provide operational control over the satellite. 

The following subsystems are included in this element: 

1 . Program Management 

2. SE6I 

3. Reetenna 

4. Satel 1 1 te Control 

5. Utility Interface 

b. Site and Facilities 

7. Operations. 
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WBS tlTLE;, PROGRAM MAMAGEMENT 
WBS NUMBER: ^04-01-00 

This element Is a subsystem of th6 ground station system. 

This functional element Includes efforts and material required to direct, 
manage, and control the project. This element encompasses the following 
functions; 

1. Program Administration 

2. Program Planning and Control 

3. Contracts Administration 

4. Engineering Management 

5. Manufacturing Management 

6. Support Management 

7. Quality Assurance Management 

8. Configuration Management 

9. Data Management. 

This eiement sums ail of the direct effort required to provide management 
eontrol Ineluding planning, organizing, direetlng, and coordinating the pro-^ 
Ject to ensure that overal 1 proJiBct objectives are accompl Ished . These e^fforts 
overlay the functional work areas (e.g., ehgiheerlhg, manufaeturlhg, etc.) and 
assure that they are properly integirated. This elenient also Includes the 
efforts required In the Coordination, gathering, and dissemination of manage^ 
ment information. 
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WBS TITLE:. SYSTEMS ENGINEERING AND INTEGRATION 
WBS NUMBER: -Oi»-02»OO 

This element Is a subsystem of the ground station system. 

This functional element ineludes the engineering efforts reVated to the 
establishment and maintenance of a technical baseline for a system by genera- 
tion of system configuration parameters, criteria, and requirements. It 
Includes requirements analysis and Integration, system definition, system 
test definition, interfaces, safety, reliability, and maintainability. It 
also includes those efforts required to monitor the system development and 
operations to ensure that the design conforms to the baseline specif icat Ions. 


WBS TITLE: PC'ltENNA 

WBS NUMBER: ^Oij-03-00 

This element is a subsystem of the ground station system. 

This element includes those assemblies that receive the microwave power 
radiated from the satellite systems to the ground. This element consists 
of the antenna, array elements, the power busses and switching elements, and 
the supporting structure and ground plane. 

The following assemblies are included in this element: 

1. Dipole Rectifiers 

2. Power Distribution, and Gonditioning 

3. Support and Ground Plane Structyr-e. 


WBS TITLE: DIPOLE REGTIFIER ELEMENTS 

WBS NUMBER: -©A-Q3-01 

This element Is an assembly of the rectenna subsystem. 

This element inciudes the dipoles that are the antenna array elements 
associated with the actual receptipn and rectification of the microwave radia- 
tion. These elemen.tS are In ser ies and parallel as. requl red to deliver the 
desired putpUit voltage. 
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WBS TITLE:. POWER DISTRIBUTION AND CONDITIONING 
WBS NUMBER: -0i»*03-02 

This element Is an assembly of the rectenna subsystem. 

This element Includes those components that accept the dc signals from 
the dipoles and route, control, and switch this power which includes power 
conditioning and power boosting. This element, therefore, covers those 
components that process informat ion wi thin the Rectenna perimeter includ ing 
signal conditioning, formatting, computations, and signal routing. 


WBS TITLE: SUPPORT AND GROUND PLANE STRUCTURE 

WBS NUMBER; -04-03-03 

This element is an assembly ofthe rectenna subsystem. 

This element includes the components that provide the physical support 
to the rectenna elements and form an eleetrieal ground plane for the antenna 
elements. 


WBS tlTLE: SATELLITE CONTROL 

WBS NUMBER: -04-04-00 

This element is a subsystem of the ground station system. 

this element includes the hardware that will be used to monitor and 
control the sateliite from the grouridi . The subsystem will track the sate! 1 ite 
and monitor the microwave beam charaeteri sties , compute phase corrections and 
provide frequency standard signals for the satellite, and communicate with 
the GEO space station crew. 

The following assemblies are included In this element: 

1 , T rack i n§ 

2. Beam Monitoring and Control 

3< Data Management 

4. Communications 
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WBS TITLE:- TRACKING 
WBS NUMBER: -OA-O4-0l 

This element is an assembly of the satellite control subsystem. 

This element will, include the ground-based radars or lasers employed 
to monitor the orbital stability of the satellite. 


WBS TITLE; BEAM MONITQRING AND CONTROL 
WBS NUMBER: -OA-GA-02 

This element is an assembly of the satellite control subsystem. 

This element Includes the ground equipment for adaptive or command 
control of the satellite microwave beam. 


WBS TITLE: DATA MANAGEMENT 

WBS NUMBER: -OA-Oli-03 

This element Is an assembly of the satellite Gontrol subsystem. 

This element includes the equipment needed to analyze signals and data 
from the satellite and ground-based systems to compute control signals and^ 
correct Ion data to maintain safe and optimum performance. This excludes 
reetenna power distribution mohltorlng and Signal routing (see 04^03^02). 
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WBS TITLE:' COMMUNICATIONS 
WBS NUMBER: 

This element Is ail assembly of the satellite control subsystem. 

This element Includes the ground-based equipment required to maintain 
communications between the ground station and the SPS satellite. Included 
are the communications with the space station crew, and telemetry and command 
equipment not included in the beam moni tori ng and control assembly. 


WBS TITLE; UTILITY INTERFACE 
WBS NUMBER: -OA-O 5 -OO 

This element Is a subsystem of the ground station syitem. 

This element in eludes the power conversion equipment that receives the 
energy from the rectenna and conditions it for input into the electrical 
power distribution networks. 


WBS TITLE; SITE AND FACILITIES 
WBS NUMBER: -=^04 -06 ^00 

This element is a subsystem of the ground station system. 

This element encompasses the site and facilities for the ground station 
system which Includes the rectenna, utility Interface, and satellite control 
subsystems. Included are the land, site preparation, roads, fences, utilities 
buildings, and maintenance equipment required to house and support the other 
ground station subsystems.. 
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WBS TITLE:- OPERATIONS 
WBS NUMBER: -0^-07-00 

This element is a subaetlvlty of the ground station systemi 

This element ineludes the planning, development, and eonduet of all 
operations aSsoeiatad with the ground station system aetivities. Ineluded 
are the jjersonnel required for satellite system support and for operation 
and maintenance of the reetenna, satellite control subsystem, utility inter- 
face, and site and faeii ities. This element also Includes the expendable 
maintenance supplieis requi red to accompl ish these aetivities. 


WBS TITLE: SPAGE ASSEMBLY 6 SUPPORT FACILITY 

WBS NUMBER; -05-00-00 

This element is the space assembly and support facility project. 

This element Iineludes the space base and construct Ion facilities requir- 
ed to assemble, check out, operate and maintain the satellite system through 
I0G. The following subordinate elements are included in this element: 

1. LEG Base 

2. ©EO Const ruction Base 


WBS TITLE: LEO BASE 

WBS NUMBER: -05-01-00 

This element Is a system of the space assembly and support facility 
projects 

This element includes the D0T6E, Investment, and operations of the :base 
(power, crew/hab, operations, and support mod-:u1es) located In low earth orbit 
(L£0).i Included are crew life suppOFt facil ities, the central cGntrOl/stag- 
ing facility, and power generation faeilltles, required supervisory activities 
for the direct transfer of crew and equipment between the hLLV and OTVs for 
up and down payload traffiG. Excluded are faeilltles and equipment unique . 
to the assembly of the SPS, since these are Included in the essembly and 
Eupport equipment projeet. 
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WBS TITLE: GEO GONSTRUGTidN BASE 

WBS NUMBER; -05-»02^00 

This element is a system- of the space assembly alid support facil ity 
project. 

This element includes the DOT&E, Investmentf and ope rat Ion of the 
construction base required In GEO to support the assembly, fabrication, 
and construction activity and to provide safe crew habitabll ity/support 
provisions for resident crew members. Excluded are the facMltles and 
equipment that are unique assembly and support equipment, since these are 
included In WBS element 06~OO-^OO. 


WBS TITLE: ASSEMBLY AND SUPPORT EQUIPMENT PROJECT 

WBS NUMBER; -O6-^Q0-O0 

this element Is the assembly and support equipment project. 

This element Includes the PDT&E, Investmentj and operations of a1 1 SPS 
unique as'sembly and Support equipment. Included are beam machines, assembly 
jigs, manipulators, teleoperators, cargo handling equipment, propellant depots 
ffiaintenanee and: repair facilities, and other Special equipment required in the 
assembly, qieckout, orbit transfer, and operation and maintenance of the sate] 
lite system. This element excludes equipment provided by the space assembly 
and support facility project (WBS Element O5”O0'^0O) . 


WBS TITLE; HEAVY LIFT LAUNGM VEHICLE (HLLV) PROJEGT 
WBS NUMBER; -O7-OO-.O0 

This element Is the HLLV projects 

This element Includes the PDT&E, Investment, and operations of the HLLV 
vehicles required to support the satellite system assembly and operation, 
included Is the HLLV cost per flight which covers the launch to LEO of all 
space assembly and support facilities, space assembly and support equipment, 
satellite system hardware, orbital transfer vehicles, propellants, and other 
Gonsumables required throughput the Satellite lifetime. Also included are 
the payload launch operations that consist of the physical integration of the 
payload iintd the HLLV payload bay and any payload unique repair and/or check- 
put activity at the launch site duiring launch prepairat Ions. The following 
systems are included In this element: 

1. HLLV Fleet 

2. HLLV Operations. 
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WBS TITLE:. HLLV FLEET 
WBS NUMBER: ^07-01-00 

This elenieht Is a system of the HLLV project. 

THts elisment provicies a hardware and activities dimension row line Item 
aga Inst which to charge the necessary HLLV DDT&E and fleet (vehicle) procure^ 
ment required to supppift the SPS project. HLLV DDT&E Is charged against the 
account or suhaecount dimenslpn column that corresponds to the first user. 

That Is, for example. If the SPS DDT&E (full scale) has the first requirement 
for the HLLV, the HLLV DDT&E Is charged against the WBS matrix position that 
eorrespondis to the HLLV fleet row and the DDT&E column of the SPS DDT&E (full 
scale) subaccount. Similarly, the HLLV vehicle inventory required by the 
SPS DDT&E (full scale) Is Charged against the matrix position that corresponds 
to the HLLV fleet row and the Inyestment column of theSPS DDT6E (full scale) 
subaccount. 


WBS TITLE; HLLV OPERATIONS 
WBS NUMBER: -07-02^00 

This element Is an activity of the HLLV project. 

This element provides a hardware and activities dimension row line item 
against Which to charge the necessary HLLV operations (user charge per flight 
Including payload integration) required to support the SPS projeet. HLLV 
©peratlons are charged against the matrix position tliat cor responds to the 
HLLV operations row and the operations column of the account or subaceeunt 
for which the operations were Incurred. 


WBS TITLE: SPACE TRANSPORTATION SYSTEM (STS) PROJECT 

WBS NUMBER: -08-00^00 

This element is the SPS peculiar pprtipn of the STS project. 

This element Includes the oeprations of the STS vehicles (shuttle and 
upper stages) required to support the SPS project. Included are the STS 
vehicles costs per flight Which eover transportation to orbit of ail personnel 
and critical hardware Items. Also Ine Hided are the payload launch operations 
which Consist of the physical integration of the payload Into the Shuttle pay- 
load bay and any payload unique repair and/or checkout activity at the launch 
site during launeh preparations.. 

The fol lowing systems are i ncluded in thi s element : 

1. STS Fleet 

2, STS Operations. 
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WBS TITLE:. STS FLEET 
WBS NUMBER: -08-Q1-00 

This eiemeht Is a system of the STS projeet. 

This element provides a hardware and aotivitles dimension row line item 
against vdilch to charge the necessary StS fleet (vehicle) proeurement. For 
example, vehicle Invehtory required by the SPS DQTSl (full scale) Is charged 
against the matrix position that cor responds to the STS fleet row and the 
investment column of the SPS DDTSE (fuM scale) subaceount. 


WBS TITLE: STS OPERATIONS 

WBS NUMBER: t-08^02-00 

This element Is an activity of the STS projeet. 

This el emeriit provides a hardware and activities dimension row line item, 
against which to charge the neGessary STS operation (user eharge per flight 
including payload integration) required to support the SPS projeet. STS 
operations are charged against the matrix position that corresponds to the 
STS operations row and the operat Ions column of the account or subaccount for 
which the operations were incurred. 


WBS TITLE: CARGO ORBITAL TRANSFER VtHIGLE (COTV) PROJEGT 

WBS NUMBER: >^0t-OO^OO 

This element is the COTV project* 

This element Ineludes the DDT&E, Investment, and: operation of the COTV 
vehleleg requi red to support the a.ssembly (If assembled in GEO) and the 
operations and maintenance of the SPS project, included are the GTOV costs 
per flight which cover the LEO to GEO transfer of replacement hardware 
(spares j , propel 1 ants , and consumables requ I red t hrpughoUt the SP S pro j ect 
lifetime. 

The following systems are Included In this element: 

1 . COTV Fi eet 

2. GOT'V Operations. 
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WBS TITLE !• G0TV FLEET 
WBS NUMBER: r09-Ol-0O 

This element is a syst^ of the GOTV projeet. 

This element pfovtcies a hardware and aetivlties dimension row line item 
against whieih to Gharge the neeessai>^y GOTV D0T&E and fleet (yehlcle) procure- 
ment required to support the SPS projeet. COTV DDT&E is charged against the 
acGOunt or subaeeount dimensfon eoiumn that eorresponds to the first user. 
That is, for. example, if the SPS DDT&E (full seale) has the first requirement 
for the CoTV, the COTV DDTs;E is charged against the WBS matrix position that 
corresponds to the COTV fleet row and the SPS DDT&E (full scale) subaGeount 
DDTsE column. Similarly, the COTV vehicle Inventory required by the SPS 
DDT&E (fuTl scale) Is charged against the matrix position that eorresponds 
to the GOTV fleet row and- the investment eoiumn of the SPS DDT&E (full scale) 
subaeeount. 


WBS TITLE: COTV OPERATIONS 

WBS NUMBER: -09-02-00 

This element i s an activity of the GOTV projeet. 

This element provides a hardware and activities dimension row line Item: 
against which to charge the heeessairy COTV operation (use:r charge par flight 
ineiuding payload In tegirat ion) required to support the SPS projeGt. COTV 
operations are charged against the matrix position that CGrresponds to the 
COTV operations row and the operations Golumn of the account or suibaGGOunt 
for which the Oiperatlons were Iheurfed. 


WBS TITLE: PERSONNEL ORBITAL TRANSFER VEMIGLE (POTV) PROJiECT 

WBS NUMBER: ^lO-OO-OO 

This element Is tlie POTV projeGt.. 

This element ihGludes the D0T&E, investment, and operation of the POTV 
vehicles required to support the checkout and the opera t.lons and maintenance 
of the SPS project:. lineluded are the POTV costs per f1 Ight which eover the 
LEO to GEO tFansfer of all personnel and eritlcal hardware Items requ I red 
througihout the SPS projeet lifetime* 

The fcTlowIng systems are included In this element: 

1 . POTV FI eet 

2. POTV Operations. 
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WBS TITLE;- POTV FLEET 
WBS NUMBER: -IQ-Ol-^OO 

This element Is: a system of the PClTV pfajeet. 

This element provides a hardware and aetivl ties dimension row Tine item 
against whieh to eharge the necessary POTV D.DT£E and fleet (vehiele) proeure- 
ment required to support the SPS projeet, POTV DDT&E Is Gharged against the 
aeeouht or suhaeeount dimension column that EorrespOnds to the first user. 

That Is, for example, If the SPS DDT6E (full scale) has the first require- 
ment for the POTV, the POTV DDTsE Is charged against the WBS matrix position 
that corresponds to the POTV fleet row and the SPS DDTSi (full scale) sub- 
account DOTSE column. Sl^milarly, the POTV vehicle inventory required by the 
SPS DDTsl (full scale) Is charged against the matrix position that eorresponds 
to the POTV fleet and the Investment column of the SPS DDTSE (full scale) sub- 
aeCo^umt. 


WBS TITLE: POTV OPERATIONS 

WBS NUMBER: -lQ-02-00 

This element Is an activity of the POTV projeet. 

This element provides a hardware and activities dimension row line item 
against which to chairge the neeessairy POTV operations (user charge per flight 
Including payload Integration) required to support the SPS project. POTV 
o.peiratlons are chairged against the matrix position that eorresponds to the 
POTV operations row and the opeiratlons column of the account or subaccount 
for which the operations were Incurred. 


WBS TiTLiE: FAGl LiTIES 

WBS NUMBER: -1W0O-O0 . . 

This element Is the facilities project. 

This element . includes majior ground facilities required to support DDT&i, 
production and assembly, and operations of the SPS project systems, ihcluded 
in this element are the HLLV launGh and recovery faeli ity, the space construc- 
tion base ground support faelHty, maj'dr test facilities such as test stands, 
and major prpduetipn faei l Itles requl red. spec if 1 cal: ly fo.r the. SpS project. 
Excluded a're faci 1 1 ties' that are Included In other systems such as the ground 
station systetn site and faellltles. 
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WBS flTLE:- TAXIS 
WBS NUMBCR: Ha-QO-^OO 

This element is a system level cost of the SPS projeet. 

This element includes the taxes that are directly paid by the SPS owner 
and passed on aS part of the SPS eleetrieity geheratlon costs. The tax charges 
that are Included are those that are SPS concept dependent. Both property 
taxes and income taxes may vary between SPS concepts. Sales taxes, ©n the 
other hand, are not concept dependent and, therefore, need' not be considered. 

The following subelements are included in this element: 

1 . Property Taxes 

2. Income Taxes. 


WBS Title: property Taxes 

WBS NOMBiER: - 12 - 01-00 

This elemeint is a subeVemenit of taxes. 

This element Includes property taxes on the ground station system. 


WBS TITLE: INCOME TAXES 

WBS NUMBER: -12-02-00 

This element is a subelement of taxes, 

This element Includes the state and: federal corporation income taxes on 
the revenue from the SPS electricity generation. 
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WBS TITLE:- IN SLI RANEE 
WBS NUMBER: -13-00-00 

This element Is a system element cost of the SPS project. 

This element iineludes the Insurance directly paid by the SPS owner on 
SPS property and space transportation of that property, and passed on as part 
of the SPS electricity generation costs. 

The following subelements are included In this element: 

1 . Property Insurance 

2, Launch Insurance (Losses). 


WBS TITLE: PROPERTY INSURANCE 

WBS NUMBER: -13-01-00 

This element Is a subeiement of insurance. 

THis element tneludes casualty and iiabili ty property i nsuranee On the 
giround station system and the operating satellite system (not including launch 
insurance).. 


WBS TITLE : . LAUNCH INSURANCE (LOSSES) 

WBS NUMBER: ■^13-02-00 

This element Is a subelement of lnsu,irance. 

This element Ineludes casualty andi liability insurance on payloads and 
space transportation vehleTes duirlng transfef from the Earth's surface to LEO 
or GEO and return. (Casualty losses resulting from transportat Ion vehicle 
failure may be assumed to be absorbed by the SiPS owner. These losses can 
be calculated- from vehicle reliability estimates.) 
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^PENDIX B 

SPS COST ESTlKATiNG flEUATIQN^S^^ (GgR^S) 


B ,0 INTRODUCTION 

This section provides a brief narrative description of each GER utilized 
In the SPS computer cost module, Its application, Input parameters, and com- 
puter GalGuTated cost for Gp (D.DT&E) ; GLRM (cost of lowest repeating module) ; 
GTFU (cost of theoretical first unit); GIPS (investment cost per satellite); 

GRI (replacement capital investment cost), and G 0 &M (operations and malnteFiance 
cost) • Also Included are the costing giround rules and assumptions, costing 
methodoTogiy and detaii 1 ed cost breakdowns^ Table B-l provides definitions of 
computer cost model elements* 

Table B“K Definitions of SPS Cost Model Elements 


c 

- COST IN HilLLiONS OF 1977 DOLLARS 

iCD 

- 0DT6E COST 

COCER 

- DDT£E GOST ESTIMATING RELATIONSHtP (GER) 

CDEXP 

- ODT&E SCALING EXPONENT 

CER 

- COST estimating RELATIONSHIP • 

iCP 

- COMPLEXITY FACTOR 

IGI'GER 

- INITIAL CAPITAL INVESTMENT GOST ESTIMATIiNG RELATION- 
SHilP (GER) 

GIEXP 

m INITIAL CAPITAL INVESTMENT COST SCALING EXPONENT 

iGiPS 

= I'NVESTMENT PER SATELLITE COST 

CIRM 

- LOWEST REPEATING MODULE COST 


- operations AND MAINTENANCE COST PER SATELLITE PER 
YEAR 

GRG 1 

• REPLACEMENT CAPITAL INVESTMENT COST PER SATELLITE 
PER YEAR 

GTFU 

- THIOREtlCAL FIRST UNIT GOST 

DDT&E 

- DESIGN, DEVELOPMENT, TEST AND EVALUATION 

DF 

• DEVELOPMENT FRACTION 

E 

* 1.0 + LOG (PHI) T LOG (2.0) 

ICI 

- INUTIAL CAPITAL INVESTMENT 

INV. PER SAT, =» AVERAGE UNIT INVESTMENT GOST (2 THRU N) 

iM. ■ ' 

i MASS POWER, AREA OF LOWEST REPEATING MODULE 

iRM 

« NUMBER OF REPEATING MODULES 

OPS 

- OPERATIONS 

O&M 

- ■ OPERATIONS & MAINTENANCE COST PER SATELLITE PER YEAR 

iPHl 

- PROGRESS FRACT I'ON . 

R 

- ANNUAL SPARES FRACTION 

RCI 

- REPLACEMENT CAPITAL liNVESTMENT GOST PER SATELLITE 


PER YEAR 

T 

- TOTAL (MASS. POWER, AREA) PER SATELLITE 

TF 

- TOOLING FACTOR 

TFU 

- THEORETICAL Fl^RST UNilt 

;zi 

- TFU REQUilREMENT 

Z2 

- SPS OPTION QUANTITY 

13 

• TOTAL SP5 REP I REMENT 
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B.1 COSTING GROUND RULES AND ASSUMPTIONS 

the following major ground rules and assumptions were considered in 
developing SPS cost data during the study: 

1. Cost estimatas ara in constant mld-1977 dollars. 

2. Costs are reported by WBS level in terms of: 

a. Development Cost and TFU (theoretical first unit) 

b. Initial capital Investment average cost per satellite 
(Satellites TFU and No. 2 through No. 120} 

e. Replacement capital investment (RGl) Cost and operations 
and iiia iintenance cost (O&M) per satellite per year (assumed 
SPS operational lifetime of 30 years with maintenance) 

3. Assumed 1985 technology base and resources supply/demand 
conditions. 

If. Assumed 90% launch vehicle load factor in calculating cost of 
mass flow to LEO. 

5. A 30“pereent satel 1 I te mass eontingency is refleeted in only 
those satellite costs with mass dependent cost calculations. 

B4 COSTING METHODOLOGY 

The satellite and ground station costs were developed utilizing, the NASA/ 
MSFG computer cost model with certain GER variations. Gosting of the remaining 
WBS' elements such as the space station elements, launch vehicles, orbital 
vehicles, space equipment, facTlIties, taxeSj and Insurance utilized the MSFG 
model but with sllgbt modifications In some areas in order to exercise a more 
simplified direct function,. Therefore, much of the methodblogy discussion and 
the GER r-atibhale and descriptions are based upon that developed by MSFC for 
the computer cost mode! . 

There are basically four types of cost equations In the model correspond-^ 
ing to the four WBS accounts — DDTSE, Initial capital Investment, replacement 
capital investment, and operations and maintenance. 

The DDTSE equation (CD) estimates the cost of the design, development test 
and evaluation, non-recurring (excluding ground test hardware), ground test 
operations, program management (PM), and systems engineering and Integration 
(SE&l). Program management and SESI are shown as separate line items In the 
WBS at project level and' at system level. Saparate faetbrs are provided for 
caleutating the project and system program manag^ent and SESi costs. In view 
of the gross nature of the level of infbrmatlbn available at this time on the 
ground test hardware and the ground test operations, the cost of these two WBS 
Items has been assumed' to be the equivalent of one-half the satellite system 
first-unit costs. 

The appropriate inputs for the DDTSI ClR's are the applicable total system 
mass, area, or power. A development factor Is provided In the eqiuatlon (DF) to 
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adjust the cost to reflect only that portion of the total system mass, area or 
power consi-dered necessary for development of the complete system where it is 
not required to develop the total mass, area, or power. The CD cost equation 
also allows for the application of a complexity factor (CF) to adjust the cost 
results when it is determined that the item being estimated is either more or 
less complex than the GER base data. 

The initial capital investment (IGI) cost equations estimate the initial 
capital investment cost of hardware items as a function of their mass, area or 
power. The ICI cost equation is expressed in three different forms—CLRM, GTFU 
and CIPS, The CLRM (cost of lowest repeating module) equation requires that 
the input correspond to the mass, area, or power of the lowest repeating module 
(M) * This is necessary because of the physical scale of the SP5 and the produe- 
tion quantities required for many of the hardware elements. ft Is not reason-- 
able to estimate the SPS initial capital investment cost as a historical function 
of the entire SPS mass, area, or power. Instead, it Is desirable to cost the 
number of repeating modules require>l per satellite to establish the satellite 
theoretical first-unit cost (TFU), and then Input the satellite TFU cost into a 
progress (learning) function for the quantity of satell ites required to calcu-- 
late the average unit costs (IPS), This calculation involves two steps in the 
cost equations. The first step (GLRM) is simply the portion of the equation 
which estimates the theoretical first repeating module cost as discussed above. 
The second step (CTFU) has the progress function incorporated into the equation 
for the quantity of repeat modules required per satellite. It automatically 
takes Into account the progress over production quantities required when calcu- 
lating GIPS, in some ICI cost equations^ such as avion Ics-^di splay and control 
and space station elements, the appropriate Input for the GLRM cost calculation 
Is the total mass per satell i te/module, in these cases thve cost equation cal- 
culates the value of one LRM and exercises this LRM value In the normal manner 
as the TFU value to calculate the IPS, 

At the current level of SPS definition, it was difficult to decide just 
v^hat is a repeating liiodule. It Is often impossible to know with any certainty 
just what portion of the total mass Is appropriate to run through the equation 
as a module. It Is just as difficult to identify how many distinct types or 
designs of modules will be required: for any subsystem or assembly. In such 
cases, the study simply assumed a module mass (or airea or power) based on 
eng i neer i ng best judgment . 

Replacement capital Investmeht (CRGlj GER* s s [impTy provide for the multl- 
pllca-tipn of the annual spares fraction (R) of each system by that system's 
ini tial ihvestment cost to arrive at an RGl cost per satel I i te per year . 

Opera t Ion s. a=nd =mai;nten:ahee costs (G0$M) are estimated^ in terms of 0$M cost 
per satellite per year. OSM costs include those expenditures incurred In day- 
to-day operations beginning with SPS Initial operating capabrlTty (|0G) and 
continuing over the life of each satellite. They consist of wages. of operations 
and maintenance personnel, minor repairs and adj^ustments to systems to maintain 
an ordinairily efficient operating condition, expendables and eon:Sumab1 es , launch 
costs for delivery and transfer of on-orbit personnel and cargo resupply of 
expendables and consumabJes, etc, OSM costs are refleGted in the following 
WBS items:. 
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03-06-00 Propulsion 

03- 12-00 Satellite System Operations 

04- 07-00 Ground Station System Operations 

07 - 02-00 STS/HLLV Operations 

08 - 02-00 lOV Operations 

09 - 02-00 GOTV Operations 

10- 02-00 P0TV Operations 


The cost methodology seeks to account for five separate effects which 
influence SPS cost. These are scaling, specif ication requirements, complexity, 
the degree of automation, and production progress. Scaling refers to the 
relationship in cost between items varying in size, but similar in type. Econ- 
omies of scale usually assure that such a reiatlonship will not be strictly 
linear, but rather as size increases, cost per unit of size will decrease. 


The slope of this relationship is reflected by the equation exponent which 
results from the regression analysis of the data used to develop the cost 
estimating relationship. 

Specification requirements have been aceountecl for by normalizing the GER 
data based to manned spacecraft specification levels using factors from the RGA 
Price Model. ^ From that model, an average cost factor to adjust MILSPEC to 
manned spacecraft is around 1.75 for DDT&E and V.6 for production cost. Under 
the assumption that some relaxation of Ap£>Slo-type specifications can be made 
for the SPS, a factor of 1.5 was assumed for both DDT&E and production cost. 
Furthermore, it was assumed that a factor of 3.0 would adjust commercial speci- 
fications to SPS requirements. Therefore, military or commercial cost data 
used in the EER's were adjusted upward by factors of 1.5 and 3.0, respectively. 

- The cost equations allow a complex ity factor input to adjust the cost 
result when it is determined that the item being estimated Is either more or 
less complex than the listed GER data base. 

The degree of automat ion Is accounted for In certain cost equations through 
an adjustment to the GER coefficient by the tooling factors given in Table B-2. 
The effect of tooling Is dependent upon the annual produetioh rate. Higiher 
production rates allow harder tooling and, thus, effect cost reductions. The 
tooling factors are used only on those GER' s Which are based on hlstorieai 
aerospace programs with limited annual production rates. Tooling factors are 
not used on those GER’s which are based on data already reflecting automated 
production techniques (e.g., the eommerciai electronics data for the microwave 


antenna 


Finally, the decreasing cost effects of progress due to production process 
Improvements or direct labor learning are accounted for througih standard progress 
functions. Many SPS components wl 1 1 be mass produced in a Capital Intensive 
manner and will experience little labor learning. Other SPS hardware items, 
however, will be produced at very low annual rates, much In the labor-intensive 
manner of historical spacecraft programs, and therefore would experience learn- 
ing, (Technically distinguishable from learning, but still predictable with 

Spesxf ication Cost Efifecfe Study, Phase li Final Report, 

Nov. 30 , 1976 , by Government Systems Division. 
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Table B-2, SPS Tooling Factors 


AVERAGE ANNUAL 

TOOL IWG 

PROGRESS 

PRODUCTION RATE 

factor 

FRACTION 

(AAPR) 

(TF) 

m 

1-2 

1.0 

0.80 

3-5 

0.9 

0,80 

6-9 

0.8 

0.80 

10-19 

0.7 

0.85 

20-39 

0.6 

0.85 


0.5 

0.85 

70-109 . 

O.k 

0.85 

110-159 

0-3 , 

0.90 

160-2 19 

0.2 ■ 

0.90 

220-999 

(AAPR) - 0,35 

. 0.90 

1000-9999 

(AAPR) - 0.35 

0.95 

10,000 

(AAPR) -0.35 

0.98 


the same form of exponential function, are the effects of production process 
improvements* In this model, when progress functions are used, they are meant 
to account for both of these effects.) A constant relat tonsh i p has been assumed 
between the_ progress fraction and the annual production rate as given 1n Table 

As required by the costing ground rules and assumptions, alt CER's are in 
terms of 1977 dollars. The study did assume 198S technology and 1985 supply/ 
demand conditions which, In some caseSi resulted in different iai (non-general) 
price inflation or deflation between 1977 arid' 19&5 being Included In the. CER’s, 
Spec If leal iy, It was assumed that composite raw material prices and some elec- 
tronie component prices will decrease relative to general prices while aluminum 
coil stock prices will increase relative to general prices. Such effects are 
allowed for by the GER^s, but only to the extent that the expected price changes 
differ from expected general price changes. The CER*s affected are the antenna 
structure GER, the pov/er source structure CER, end the microwave antenna CER. 

B.3 COST BREAKDOWNS 

Tables B~3 and B-4 reflect detail cost data at SPS-WBS^ system, subsystem, 
and assembly levels as developed since the submittal of the SPS Final Report 
(April 1978 ). Table B*-3 shows SPS prqjeet-related deveiopment-DOTSE cost (CD) 
through the first full S“GW satellite (TFd) Including space transportation 
fleets (HLLV’s and GTV’s); Initial space assembly and support requirements; and 
the faGilities needed to establish the SPS operational capability of building 
more than one SPS system. Table B-A detai ls the Investment cost per sa tel l I te 
(GIPS); and the replacement capital investment cost (GRCl) and operations and 
maintenance cost (GOSK) per satellite per year. Figure B-1 shows a eomparison 
of the cost relationshtp of the summary WBS elements for each of the above.’ 

S.3-1 Deve 1 opmen t Cos t (BptM) 

The DOT&E phase eonsists of the one-time effort assoelated wl th designing, 
developing, and evaluating the components, subsystems, and systems required, for 
the SPS project, ft inciudes the development englheering, testing, and support 
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necessary to translate a performance spec if i cation into a design. It encompasses 
the preparation of detailed drawings for system hardware fabrication^ t'ystem 
integration, and {depending on the system, subsystem, or component) structural, 
environmental, and other required tests. It includes the early supporting 
research and technology analysis, advanced study efforts and requirements defln- ' 
ition related to the SPS microwave power transmission system, power conversion, 
structure and assembly and power distribution; component development; integrated 
ground test programs; the GEDSAT space tests and LEO Shuttle sortie demonstrations 
—both shared and dedicated. It also includes related Shuttle-derived HLLV trans- 
portation systems and development of a 1-GW SPS prototype demonstration satellite 
which, foMov/ing demonstrations, v;Ill be upgraded to the full 5"GW satellite (TPU) . 
Also included are the analysis of data and whatever design and retest activities 
are necessary to meet spec if icat ions . it also includes ground support equipment, 
special test equipment, and other program-pecu] iar costs not associated with 
repetitive production. All DDT5E effort associated with SPS-related support . 
systems such as transportation, space construction base, and assembly/support 
equipment necessary to accomplish the satellite DDTSE phase are also included. 

The total project development cost through the first full 5 GW satellite 
(ipU) system is $6 D,o 46 billion (DDTsE is $34. 705 h 1 11 ion and TFU Is $25*3^1 
billion;. Table B-3 Identifies the main areas of cost by WBS category. 

Figure B-i reflects this relationship vrithin the DDTsE and TFU cost areas. 

The satellite portion of the DDTSE cost is $10,687 billion (30-8^). Go-st to 
develop -the space assembly^and support equipment is «$9*78 billion (28.2%); 
and the space transportat ion DDT&E Is $8.j§15 bi 1 1 ion ’^^25.7%) * 

In view of the physical size of the satellite subsystems and the large 
quantities required for certain parts and components, it v/as not considered 
reasonable to estimate the satellite subsystem DDTSE costs as a function of the 
total mass, area or power per satel 1 i te^-wh i eh is generally the method. Instead, 
it was considered desirable to determine the satellite subsystem DDT&E costs by 
the application of a development factor; the development factor v/as determined 
by engineering. In general, the development factor v/as estimated to be 
with a few exceptions. This means that it v/as determined by engineering that 
the appropriate DDT&E cost necessary to develop the total subsystem would 
equate to the cost of 20^ of the total subsystem mass, area or power per 
satellite. In some cases, it was determined that the factor should be slightly 
higher. The development factor for attitude control was estimated to be 30^; 
the miierowave antenna 4^0%, and the antenna structure at 30% • Some of the 
avionics component development factors are less than 20^. The computer cost 
data tables reflect the application of the development factor (DF) for each 
sate] 1 i te subsystem. 

The detailed DDT&E cost breakdov/ns show that the structure, ground test 
hardware and g, round test operations make up the largest portion of the satellite 
system DDT&E cost at about 25% of the total for each* The power source system 
accounts for only 3.14%; the microwave antenna for 2.37%; attitude control and 
avionics less than 1%; and thermal control of less than .4%. 

Costing of DDT&E for the space station elements, STS-HLLV, and the assembly 
and support equipment followed the more conventional method of determining DDT&E 
cost — that is, based upon total subsystem mass, area, or power. This technique 
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was used mainly from the standpoint that the cost data utilized to develop the 
applicable CER*s for these elements were comparable and were developed on the 
basis of total subsystem mass, area, or pov^er. In the case of t e satellite, 
comparable historical DDTSE cost data were just not available for the magnitude 
of the satellite subsytems. 

The TFU cost breakdown shown in Table B^3 and Figure B~1 reflects a some-' 
what different makeup of costs when compared to DDTSE costs, TFU estimates at 
$ 25 . 3^1 billion include the full dollar assessment for the Initial satellite 
and ground station buildup including space tr:i.nsportat Ion fleets {HLLV*s and 
QTV*s), initial space assembly and support equipment requirements; and the 
facilities needed to establish a 5“GW SPS operational capability. This means 
that the TFU cost includes elements with a lifetime capability of servicing/ 
building more than one SPS system* In this regard, analysis will show that, 
space assembly and support equipment represent the largest portion of total 
TFU costs — $3*557 billion* Satellite system costs are $ 5,328 billion; space 
transportation, $3,552 billion; and ground facilities, $3-250 billion* In the 
space assembly and support equipment TFU costing, the LEO/GEO satellite con- 
struction base makes up 53^ of the total space assembly and support equipment 
estimate, but will be used to construct the remaining satellites* 

Investment a_nd Qperatiens 

Table reflects the detailed Investment and operations cost data 
developed during the study. Investment costs were developed at two levels: 

( 1 ) Initial capital investment (IGI), which is the cost of production, assembly, 
installation, transportation, and tests of each individual satellite produced, 
and the ground station system and associated effort necessary to bring, the power 
satellite on line to a full 5"GW operational capability; and (2) replacement 
capital investment (RGl), which are those expenditures relating to capital asset 
replacement and major maintenance overhauls that are expected to last for more 
than one year and result in an improvement to the operating system. Replacement 
capital requirements for the systems used to construct the satellite through 
iOG (Initial operating capability) are included in the Initial capita] invest- 
ment (CIPS) costs. Costs for the fleet needed to support GSM (operations) Is 
estimated and included as replacement capital investment. Gperations costs 
consist of the effort required to operate and maintain the SPS project over its 
opera t i ona 1 li f et ime * 

Investment per satellite is equivalent to the average unit cost of the 
total SPS requ I remen t— TFU plus Satellites 2 througih 120. This total average 
cost of $ 3*780 billion (Figure B-1) includes $^*337 billion for the satellite; 
$2,261 billion for the ground station (rectenna); $1,326 billion for space 
transportation; and $.302 billion for space assembly and support equipment. 

The total average (investment) cost per 5”GW satellite yields an investment of 
$l356/kW* 

SPS replacement capital and opera t ions/ma intenance phases have been eom’^ 
bined and are estimated at an annual cost of $.303 .bi 1 1 ion per satell i te^year 
or for $3-27 billion over the SO-yeair operational period. Satellite require- 
ments comprise $.1^5 billion of the cost, or ^6.3 percent* 
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OlrOO-OO PROGRAM A4ANAGEMENT fPM) CER's 


This acftvify Includes projecl- level program management. It sums ail of the 
direct effort required to provide management control Including planning, organizing, 
directing, and coordinating the project to ensure, that overall project objectives 
are accomplished , These efforts overloy the functional work areas (e.g, , engineering, 
manufacturing, etc.) and assure that they are properly Integrated, This activity 
also Includes the efforts required in the coordination, gathering, and dlssemilnatlon 
of management Information, 

Project level program management refers to program management efforts required 
during the integration and operation of the total SPS Program. This includes those 
efforts which cannot be charged directly to a system, but which relate to the 
program as a whole and provide for a viable SPS. This activity encompasses the 
folilowing functions: 

Program Administrotion 
Program Planning and Control 
Contracts Administration 
Engineering Management 
Manufacturling Management 
Support Management 
Quality Assurance Management 
G or i figuration Management 
Data Management 

Dota from several iaunch vehicles, manned spaGecnaft, and unmanned satejliites 
were analyzed to determine their app'liicebility to the SPS project level requirements , 

Prom these data, the CDCER and CECER percentage factors were developed 
which can be used with project costs to estimate the SPS project level progiram 
management, see tabie B-=-5. 

The cost data bases for application of the factors are as follows: 

CD 
CTFU 
Clips 
CRCI 
GO&M 


= Project DDT&B Cost (03-00-00 thru 13-00-00) plus SE&I 
Cost. 

= Project TFU Cost (03-00-00 thru 13-00-00) plus S:E&' 
Cost, 

= Project inv, per Sot. Cost (03-00-00 thru 13-00-00) plus 
Si&l Cost. 

= Project RGI Cost (03-00-00 thru 13-00-00) plus SiE&l 
Cost 

= Project 0&.M Cost per Sateillllte per year (03-00-00 thru 
13-00-00) pius'>^f&l Cost. 
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02-00-00 SYSTEM ENGIiNEERING & INTEGRATION (SE&I) GER's 


This detivily Includes project level systems engineering and Integration, 
Project level SE&I refers to SE&I efforts required during the Integration and 
operoHohs on the total SPS project. This includes those effort which cannot 
be charged directly to a system, but which relate to the project os a whole 
and provide for a viable SPS, 

This activity includes the engineering efforts related to the estabilshment and 
mointenance of a technical baseline for the program by generation of program 
configuration parameters., criteria, and req.ulrement5. It Includes requirements 
analysts integration, program definition, program test definition. Interfaces, 
safety, relicb-Mity, and maintainability. It also includes those efforts required to 
monitor the progiram development and operations to ensure that the design eonforms 
to *-he baseline specifications. 


Data from several launch vehicles, manned spacecraft, and unmanned satellites 
were analyzed to determine their applicability to the SPS project level requlremen'ts. 
From these data, the GDCIR and GEGER preeentage factors were developed which 
can be used with project costs to estimate the SPS projeGt level SE&l costs, 
see table B-6. 


The cost d 0 ta bases for application of the factors are as follows: 


GD 


= Project DDT&E Cost (03-00-00 thru 13-00-C 


GTPU 

GUPS 

CRCI 


Project TFU Gost (03-00-00 thru IS-OO-^^-OI 
Project Inv, per Satellite Gost (03-00‘^00 thru 13^00-00) 

Project RG! Gost per Scitellite per year (03-00^00 thru 
13-00-G 
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H» 
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03-01-00 PROGRAM MANAGEMENT (PM) GER's 

this 0ctivity imcludes system level program management. Systems level program 
management includes those management efforts which relate directly to a complete 
system, Relatl'/e to the SPS there are two complete systems, the first Is the 
•i Satellite system and the second is the Ground Station system. This aoMvity encom- 

passes the following Satellite system functions; 

Prograrn Administration 
Program Planning and Control 
Gontraet Administration 

i Engineering Management 

p Manufacturing Management 

Support Management 

* Quality Assurance Management 

Gonifiguration Management 
Data Management 

5 This activity also Includes the efforts required in the coordilnotlon, gathering, 

and dissemination of management information, 

\ Dgtg from severoil launch vehicles, rnanned spaceeraft, end unmcnned satellites 

■. were analyzed to determine their appilcability to the SPS system level requirements, 

I From these data, the GDCER and CICfR percentage factors were developed which 

can be used with the satellite system cost to estimate the SPS systerh level program 
mqnagefnenfs, see table B-7. 

r The cost data bases for the appilcotion of the f 0 etors are as follows; 

GD 
GTPU 
G IPS 

j-. 

GRCI 

com 


= Satellite System DDT&E Cost (03-00‘^00 thru 03-13-00) 
plus SE&I Cost. 

= Satellite System TFU Cost (OS-OS-OO thru 03-13^00) 
plus Sf&l Cost 

= Satellite System Inv, per Sal, Cost (03-03-00 thru 
03-13-00) plus S'E&I Cost 

= Satellite System RCI Cost per SateJilite per year (03-03-00 
thru 03-13-00) plus SE&! Cost 

= Satellite System O&M Cost per Satellite per year 
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56 W PNlOT 0 'Vi 0 LTAJC CR *2 
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03-02-00 SYSTEMS ENGINlERlNG & UNTEGRATION (SE&I) GER's 

This aetfvifry Ineludes system level systems engineering and Integration, 
Systems level SE&I Ineludes those SE&I efforts which relate directly to a 
complete system. Relative to the SPS there are two compilete systems. The 
fi.rst is the Satelliite System and the second is the Ground Station System, 

This activity Includes the engineering efforts related to the estahlilshment 
and maimtenanee of a technical baseline for a system by generation of system 
eonfigyration parameters, criteria, and requirements. It Includes requirements 
analysis and iintegration, system d efirit Ion, system test definition, Interfaces, 
safety, reliability, and maintainability. It also ineludes those effort required 
to monitor the system development and operations to ensure that the design 
eonfoiims to the baseline specifications. 

Data from several launch vehicles, manned spacecraft, and unmanned sate- 
lUites were analyzed to determine their appilicabillity to the SPS system level 
requirements, from these data, the CDCER and CICER percentage factors were 
developed which can be used with the satellite system c ost to estimate the SPS 
system leveil SE&I costs, see table B-8. 

The cost data bases for applicGtion of the factors are as follows: 


CD 

= Satellite 

System 

DDT&E- (Q 

13-03 

!-0O 

thru 03-13-00) 


CTf'U 

= Sateil III te 

System 

TFU Cost 

(03. 

»03-l 

30 thru 03-13-00) 


GIFS 

- Saite 1 11 te 

System 

Inv. per 

Sat, 

Cost (03-03-00 thru 



03-T3-0C 

r) 






GRCI 

= Satellite 

Sys'tem 

RCI Cost 

per. 

Sateillite per year (03-1 
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thru 03- 

i'3-00) 
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03-03-^01 MICROWAVE ANTENNA STRUCTURE CER's 

This element Ineludes the basic supporting framework for the microwave 
antenna power transmission subsystem up to its interface with the rotary joint. 

The structure has three main components; a tension web made from composite 
wires or tapes, a catenary cable that transfers the web tension to the vertices 
of the third com nent which is a hexagonal compression frame. The antenna 
structure provides c struetura! support but does not include the waveguides or 
the radio frequency assemblies associated with the miercwave subsystem. This 
element is limited to primary load carrying element and does not include other 
secondary structure such as equiipment moun.fs, platforms, and space support 
equipment supports. 

The antenna structure CD CER was developed using graphite composite 
data obtained from NASA's Redstar Data Base. The following data points 
were used; 

Space Teleseope Shell 
ATS^E Truss 
hUEAO Optical Bench 
Shuttle Payload Bay Doors 

The antenna structure iCl is the cost of raw materiails only since the costs 
associated with fabrication and assembly are charged against orbitail assembly. 

The antenna structure 1C I cost equati on ts based on raw composite material stock 
(prepregnated gpaphiite) cost. These materials cost are based on Engimeering cost 
estimates, see table B-9 . 

Range of Data 

DDT&E 30,0 to 2000. OKg 

ICIi; Un [limited 

Input parameteis T&M are in kilograms of mass. 
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03-03-02 POWER SOURCE STRUCTURE CER's 

This element includes the basic supporting framework for the energy conversion 
seetion of the satelJiite up to the interface with the rotary Joint. The power source 
structure supports, but does mot include, power source subsystem elements. This 
element does not include other secondary structure such as equipment mounts^ 
platforms, and space support equipment supports. This element includes that 
portion of the power distribution function where the primary structure serves as 
eieetrical conductors. The primary function of the power source structure is to 
provide support for the solar eeJI blankets and solar concentrators. The structure 
assemblies are made up, basicailly, of tri-beam girders, tension cables, and jornts. 
The fabrication and assembly of these structures are acGompliished on orbit by beam 
machines and supporting auxiiliary equipment. These structural eiements must 
indiv'idualily withstand the forces, torques, and dynamics imposed by the construction 
proci^ss. Once built up to an assembly level (e.g., solar array wing, rotary 
j.oiiTt, etc.), the structure must have sufficiient strength and stiffness to withstand 
forces, torques, and dynamics generated by the environment (gravt ty*^gradient 
torques), the attitude control system (forces and frequencies) and the operational 
equipment (rotary joint torques, microwave Indueed thermail environment, etc,). 

The level of strength and stiffness are diictated by other subsystem requirements such 
as pointing accuracies and ACS bandwidth frequencies 

The power source structure CD CER was developed using cost data obtained 
from NASA'd Redstar Data Base. Data from a variety of launch vehicle, manned 
spacecraft, unmanned satellites and aiircpaft programs were used and are listed below: 


Apollo CortimanGl Moduile 

OAO-A1/A2 

Apollo Lunar Module 

OS 0-1 

Apollo Service Module 

Pi'Oneer~F 

Apollo SLA 

Saturn V 

ATS^A 

S-IG 

ATS-B 

s-m 

ATS-:E 

S-IVB 

ATS-F 

Skyiab-^AM 

B-70 

S'kyiab-OWS 

C^5A 

TACSAT 

Centaur 

tIros-M 

&SCS-il[ 

VEU IV 

G emit n I 


NBAO^B 


ruE 


Mori'inep 1964 
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The power source s+rucfure ICi CER is ihe cost of row materials only since 
the costs associated with fabrication and assembly are charged against orbital 
assembly. 

The power source' structure ICI cost equrtion is based on raw aluminum 
coil stock cost plus such ground based processing as cutting to size and application 
of anodize finish. Material and Finishing costs are based on vendor quotes from 
Reynolds Metals and Alcoa Aluminum companies and Coil Anodizers, see table B-IO. 


Range of Data 

D&D: 40.0 to 100,000 kg 

[Cl; Unlimited 

input papameters T&M are in kilograms of mass. 
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03-03-04 MECHANISM CER's 


The structual mechanisms consist of active structural subassemblies that 
articulate, rotate, or otherwise cause or allow motion between the primary 
structure and other subsystem elements or between subsystem elements them- 
selves. 

The IGI production cost GBR was based on data provided by the following 
manufacturers: 


Manufacturer 

Poly- Scientific 
Poly-SelentIfi'C 


Appl ieaition 

High Energy 
Radar 


Electro-Tec 

Electro-Tee 

I.B.C. 


Navy Destroyer Propeller System 
Sotelliite Solar Array 
Navy Shipboard Hoist 


Due to the difference im complexity and the speei^fl cation requirements d'iffer- 
ences between ground and space qiuGlified equipment, the following factors were 
applied. 

Gomplexity Factor x 3 

Specification Upraiting Factor x 3 
Total X 9 


Due to the relatively low production rate of 1 to S units per yeor,the 
tooiimg factor is Qssumed to be 1,0. 

Range of Data: 

DDT&I: 6.0 to l'5,O0O.0Kg 

IGI: 6.0 to 15,000.0Kg 

input parameters T&M are in Kiiogirams of mass, see table 
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SGIW PHIOTQ'VOUTAIC: 

1 Njpy T P A'P A Mt r i W'S I NPUT COEF F I C I E N T S 


T» 

S59iO O’O . 06K 

Tf = 

0,054900 

eOOEH= 

0.156000 

Ms 

«^'S'9.UGOQO0 

Q0 Ha 

0,0 

cnr xp= 

0.5110 0 0 

■GF* 

l.WCGG'OO 

Zla 

1 ,0 0 0'OOO 

C1GFP= 

0,000764 

PHI« 

0 • y Sifl 0 0 0 

2? » 

12O,G0QOOO 

C IE. XI. a 

0.950000 

.pa 

0,01000.0 

Z3s 

12 0 .OyOOOO 



©Fa 

■0., iO0.0'O 0 





GAiLCHLATEe VAiLUf S 




»»HIi.L10NS 

ClDwGDCEP X 

( T X Df ) XX (.et)iEXP) 

X G'F 



59,276 

CiLRMaieiGEP 

X (M) XX (GlEXiP) X ( 

X TK 



0,017 

*T / W 





1 00(1,00 0 

€ =1.0 ♦ 

LGei'PHI) / L©S(2,'( 




0.926 


CT:FU®i(GiL'RiH / E)XK#'R'M X ,?i+,5|XX(E> -G,F.XX(b)) 11,064 


G I PS* (' ( e,LR'Ml/'E ) X I (■ i'R'M x Z 3 ♦ ft . 5 ) X X ( E ) -0 , 5X X 1 K ) ) )/ I ?, 

OPC I s GIP'S X « 

eiQlk'M « 

4 


?.76 7 


0 . J 



f 


3 , 


3 


fi) 

a: 

o 

3 


G'O'MHiNTS 


Rockwell li 


Rockwell lnten)ational 

Space Division 


03-03-05 SECONDARY STRUCTURE CER's 

This eiement ineludes a!i strueture, Gonsisting of mounfing brackets, clamps 
and installlation structure reqiuired as an mferface between the primary structure 
and the mounitiing attach points of components, assemblies, and subsystems* It 
also Includes any structure required between two or more components or assemblies. 

Development of the secondary -rtructure CBR for DDT&E was based on cost 
data contaiined in the MSPG Redstar Data Base, Data from a variety of launch 


vehicle and unmanned satellite programs were 
points are Ilfs ted beJow , 

S-IVB Interstage 
S IG Fo w a rd S k li rt 
S-'IC intertank 

Solar Telescope Housing Assembly 
(ASM) 

Common Mount Assembly (ASM) 
Telescope Gimbail Assembly (ASM) 
Common Mount Act jators (ASM) 
Teiiescope Gimba'l Actuators (ASM) 

Array Platform Elevation Pointing 
A'^.tuator (ASM) 

yV Gi .(ball Mount Actuators (ASM) 

The 1C! production cost GER was based 

Range of Data: 

DDT&E: 6,0 to lS,000.0Kg 
!CI: 6,0 to 15,O0Q,OKg 


avaMable and the applicable data 

U\^ Instrument Mount Assembly (ASM) 
So'lar Array and Boom Structure (ATS-F) 
Squib Interface Unit (ATS-F) 

Interstage (Centaur) 

Nose Shroud (Centaur) 

Fixed Airiock Shroud (Skylab) 

Payload Shroud (Skylab) 

Pailiet Segment (Spacelab) 

OSO-1 

ATS-F 

S^H 

upon an Engineering Cost estimate. 


Input parameters T&M are im kilograms of mass, see table B-1?, . 
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cO'&'UOQ.0'ti 

ir« 

Oi'6073'00 

M* 

6 » &0'0 GO 1' 

DL M'C 

0. 0 

Gf » 

1 • 0 GO G'O'G 

Zl'» 

'1 .O'OOOGO 

Pt1I« 

0 9'0 O'O'O 0 


iSO.cWGOO'O 

Pc 

0,01' 000 0 

7 3* 

120,000000 

L»f f 

t'j.Z'GOOGO 




G.A'LGULAT£D values 


eD*c.oc£R (T X EunxxteiDtxP) x cf 

CLWbGIC'EP K {M) XX (CIEXIP) X CT X TF 

oa 

o «PH *T / M 

E *U0 ♦ iLO't JP-Hl) / l0'Gt2.D) 
e T F'U* (CL / F I X { (■ # H M X 2 1 + , B ) X X t E ) - 0 , 5 X X a ) ) 

'CIPS*(<CUR'M/E)X(txRM X Z3 ♦ 0fS)XX(€) -e.SXXtO) 
G.FGI « eiPS X F 
OOiSiH s 'DEM 
GOiMMiENTS 5 



ir.PUT CO'EFf ICIiHTS 

D.ibfcUOD 
U.bl 

o.i'oiooo 

O, 355 Gi; 0 > 

Sf MTl LIONS 
115 .] m 
fl.tKU 

ZIS'SGS’.SST 
0.971 

) / Z 2 2 iH 1 .l 09 

2 . Bin 
0 , (1 


CDCElcs 

LuCXI’s 

CleEFH'= 
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03^04-01 SOLAR BUNKET GER's 

This element eonverts solar energy to eleetriGdl energy and provides power 
to the busses in the power distribution and Gonditionrng assembly. The solar photo- 
voltaie power subsystem GOnsists of the solar cells, blankets, refleetor (Coneentrator) 
membranes and attachment deviees. GaHlium aluminum arsenide (GaAlAs) cells 
have been selected. The cell consists of GaAs jiunction with a GaAlAs window, 
substrate, adhesive, current collectors, and an anti-^reflective coating. The solar 
blanket consists of a Kapton membrane upon which the cells are fastened with a 
fhermo=se+ting FEP adhesive. Also included in the blanket are the interconnects, 
thermal coating, attachments/tensioning deviees, and sensors, 

Hiistorical cost data on solar arrays from previous satellite programs were 
readily available from the Redstar Data Base and were used to develop the 
CD GE'R. However, due to the rapidiy changing technology, historical data 
is not applicable for use in estimating the SPS solar blanket production cost. 

The department of Energy (DOE) has initiated the U,S. Photovoltaic Conversion 
Program, Two main objectives of this program are to develop by 1986 the teeh- 
noiogicai and industrial Capability to produce silicon solar arrays at a price of 
less than $500 per peak KWe and to establish by 2000 the viability of even lower'^' 
cost ($100 to $800 per KWe) ond/or more efficient alternatives utilizing novel 
materials and devices. Since it is generally believed throughput the photovoltaiG 
industry that low cost solar arrays are achievable and dependent on the demand for 
high production rotes and since some progress toward meeting the DOE goal has 
Q'lready been made, it was decided to base the SPS solar array cost estimates on 
ppojeGted costs rather than historical costs. 

The CD CER was based on solar array historical cost data from the following 
programs, 

Skylab (OWS) 

Skyiab (AtW) 

FR'USA 

SfPS (Est.) 

The eost of array structure and mechanisms was not included so that the data 
would be compatible with the SPS eoneept of on-iorblt structure fabrication and 
assembly. Although there 1$ a large diPferenee in size between the above arrays 
and the SPS array, the SPS array will consist of a large number of smaller units. 
The development fraction (D'F) was utilized to normaillize the CD cost to reflect 
cost of only that portion of the total solar orray area reqiuired to develop the 
power system. 


B-31 


SD 78-AP-OO23-7 


Rockwell International 

Space Orvision 


The I'niHoI eapital invesi^ment CER (Cl) to estimate fhe producHon eost Is 
based upon an engiineerlng "‘Grass Roots” proJeGted estlmafe of average eosf 
of ^QoOO/M^ for fhe GoAIAs solar eell array. The engineering estimate reflects 
1977 doflara and assumes T98S technology. The average cost per M was converted 
to TFU cost $71 ,60/M^ in order to exercise the Cl cost equation 6 

Ronge of Dato 

DpT&E: TO to 300 square meters 

ICI; Unlimited 

Input parameters T&M are in square meters, see tahle B^13- 
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5SW P'H©T0V'0LTAIG GH«2 

INPUT ipAPAH'F.TE«S 


T» 

310376000 .0 

TF* 

K 001) 0 00 

iM'* 

16250 .'O'OO'O 

OiNM'= 

0 . 0 

CF» 

1 .O'0#0'GO 

Zl = 

I.OU'OO'tiG 

PH)I» 

O.9'9'0OiCI'0 

Z2= 

12W.'0 O'G 00 O' 


a,OlO#GO 

Z3a 

1'20,0'G'O 0Q'0 

0F* 

O.ZOO'O'OO 



eAUCULATiEQ values 



GO«'GO:GE'R X 

(T X ®F)'XX(GUEXP) 

X Of 


GLR'W»GICiER 

X (M) XX TGI EXP) X 

OF X T'F 


#RiM »T / M 




E =i#0 ♦ 

L0:G<P'«I)' / LG6(2. 

0) 


GTFU* OGiRlM 

/ X zi*. 

S)XX'(E) 

-O.SXXCt) ) 


GIPS»'KCLPM/€ )Hi ( K'R'M X Z3 ♦ « .5) XX f€ ) -0,5XX ('&) ) 

ewGi » Gips X « 

C0MMENTS b 


INPUT COEiFFIGIENTS 



CDGfjNss 0 ,lt>I 4 aO 

COiEXps 0.3 94 00 15 

CIGE'P- O.MO(:)Or 2 

CI'tX.p= l.yOitonp 


M I iL ION'S 
75 . 9^7 
1 . 163 

l'U69,292 

W. 9#6 


I97B.4M1 



184 b, 86 B 

18,4b9 

Q.O 



f 

s 

S 

s. 
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03-04-02 COiNCENTRATOR CER 

%iis e;lement Goneeritrates the s:olar energy onto the solar Gell! blanket. This 
Gomcentrator membranes are used fo reflect the sum ont© fhe solar cell surfaces ond 
obtai'H a nomiinal GonGemtratlom ratio of 2, The Gomcentrator is made of (0.5-mtl) 
aliuitiinized Kapton. The membranes has a mass of 0.018 kg/m^ and is mounted on 
fihe structure using attachments and tensioning devices. Excluded are tools and 
support equipment required for deployment. 

The DDT&E CER (CD) is based on thin sheet ailiuminum vendor data. The 
IGI CER for concentrators is based on Roakv^ell data for Type H Kapton material 
with an alumilniized coating. As concentrator thickness decreases, cost per unit 
area decreases diue to the dlmiinished rnaterial reqiulrements. Nowever, at around 
25 microns (1 mil), the cost reductions are caneell'^d by the Increased difficulty of 
processiimg thin materiails and the overall cost per unit area begilns to rise. Rock well 
data from Dupont iindlcates that the current cost of 0,5 mil concentrator for the 
SPS would be about $4.73 per square meter. At imcreased demand and Increased 
yields, cost couM potentially reach $1.6] per square meter, Mowever, the most 
lllikely value, and the value on which the concentrator [Cl CER Is based, was 
quoted at $2,58 per square meter. For the purposes of the CER this was rounded 
to $3.00 per square meter to Incliude sensors and mounting attachments and scaled 
Qt a Silope of 0.95 to reflect 0 ntieiipated loirge array economies. 

Range of Data 

DiDT&E: I'OO ^ M 1'0O,eO0M^ 

ICIi; Unllimited 

Input parameter T&M ere In sqiuare meters, see table 
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SGiW P'HDTO'VOlL.TAIf. CW»2 

■IM'PUT iPAPAM.(: !-ERS 


Ts 

64740000 .0 

T'F* 

X.oooooo 

M« 

162&0,CI'000 

0'4iM« 

0 . 0 

CF* 

I , O0€ 1) 00 

21* 

1 , O'OO 0 0 0 

PHI* 

0 . 9IB.G.0 O'O 

IZ~ 

120 , O'OOOOO 

Rs 

'O.OI'GOOO 

Z3« 

120, 0000 00 

'DP* 

0,200000 




CALGULATEOt VAiLW.ES 


CDaGIDGiER X (T X DIF) XX (ClpEXP) X CF 


^ CiLRM»eiC.ER X CM) XXIGlEXin X CF X TF 

t 

^ #'R.M »T / H 


f ^1.0 ♦ L 06 (PHI) / LQ'SfS. O) 

€T'FU«(CL'RH / E)XN#PM' X Zl*,5)XX(iE) -fl.SXXtE)). 


CIPS*( ('CLPW/E)x( (ARM X Z3 + H*S)XX(L) -0.5XX(r) | 


C«Gi K GIPS X R 


QU.&H K O'i^M 


G DM ME N'T S 7 



lIviPUT COEFF IGliCNTS 

CQCEjPs 0.02700 0 

GutiEXPs W, 3 ' 9 a 0 (.)O 

CXGLP= .0,000003 

ClEXps 0 ,^ 5 'DO'OO 



%»>^U LION'S 




17.123 


('), 030 

3 Rib 4 . 1)0 0 
0.9/1 

9fi, /4P 


) / 22 


P 4 , ibl 
0,H4? 
Q.O 
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03-04-03 POWER DISTRIBUTION AND CONDITIONING CER's 


This elemenf' Includes power eonduc^GIS, rotary {oint s'! Ip rings and switch 
gears necessary to transmit eieGtrical power from the power source to the rotary 
[oints. The power converter and eonditioners convert the existing bus voltages 
to the subsystem voltage required for the various subsystem loads. The switch 
gears are soJild-state to reduce the overall mass of switches. The voltages and 
currents being handled by these switches will be monitored by the IMCS to 
determine their status and to est 0 blish a need for the opening and closing of 
these switches. The switches are generally held In the closed state during the 
steady'^tate mode of operation. During the startup and shutdown operations, 
the switches will be monitored by the IMCS and when certain voltage levels 
are reached a command signal will ©pen or close switches as required. 

Power obtained at the subarray is transferred to a summing bus through a 
switch gear (S/G) and manual lywoperated circuit-breaker. Power is then trans- 
ferred from the nonrotating member of the rotating member of the rotary joint 
through slip-rings and brushes. On the rotating member, power is eonducted 
through switch gears to DC/DG converters which output the 6 primary voltages 
required by the klystrons , Each voltage Is conducted to a summing bus through 
a switch gear. Subsequently, each voltage Is conducted from the summing buses 
to the 1'3S,864 klysrrGns. 

Batteries and battery power conditioning equipment are imcLuded also to 
provide the power storage required to support satelliite station keeping activities 
during the periods when power is unavailable from the solar array blankets. This 
storage would be necessary duri'ing those Infrequent times when the satellite is 
In shadow or when it is In a charge-orbit mode. 

C QND'UCTQRS g, SWITCNIES 

The power distribution system utilizes flat oilumiinum 6101/T6 conductors with 
1 MM Kapton Insuilotion on both sides. The flat conductors are not considered part 
of the main structure. They will normally be passively cooled by radiation to 
free space. 

The switch gears are of the Penning design. They are used for isolation of 
solar array blankets due to array failure and when performing maintenance work. 

The switch gears are used also to prevent large line transients upon startup and 
shutdown and during ecUptle periods. 
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the CD CER was based on historical cost dafa obrained fiom the Redsfar 
Data Base on the foiifowing safell|iite programs* 

DSeSHlI ■ ATS-A 

ATS-F ATS-E 

OSO-1 HiFAO 

ATS-B 

The !Ci CER was based on preproeessed aliumiRum material cost dota and the 
use of 61'01/T-6 aluminum. Pifferenit[ 0 '! alunrinum InflatiGn between current prices 
and expected mid 1986 prices was rnGluded. Cost date was abtained from the 
fo'IH owing manufacturers: 

Reynolds Metals 
Alcoa Aluminum 
Amcherti Products, Inc. 

The Yoder Gompany 

Range of Data 

P'Dt&l: 20 to 150 kilograms ^ 

IG \i Uhilimiited 

3ljp Rings and Brushes 

The siiip-ipings and brushes located in the roitary |oint are utilized to transfer 
power from the S>PS fixed member to the SPS rotating member upon v-/hich the rnicro*- 
wave antenna is locoted. The power transferred imeliudes both that requijired to 
operate antenna-:mounted eqiuipmemt, as weiHI as that to be tronsmitted to the ground* 

The slip-rings consist of on oluminum cope with coin silver cladding on each 
slipr-rlng. The core cross section is 41.3 GM-. The slip-^ring diometei is 1.13 KM. 

Length is 3,55 KM, Each slip-ring weighs 0,0403 x 10* Kg. A total of (4) slip- 
rings are requiped per satellite. 

The shoe brush asserribly materioil consist of 75% MoSz, 25% Mo -t To, 

Each shoe brush assembly has 868 CM^ of contaGt orea. There are (64) brushes 
iin each shoe assembly. 
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The slip-rings cost data are based upon large ground eommerGial and military 
s’ip-rings. Since ail but one of the base data slip-rings were designed for ground 
application, it was decided that these data should not be used as a basis for 
estimating DDT&E costs. It was determined that the data should be used only as 
a basis for estimating |C| production costs and then only after applying complexity 
and specification uprating factors. The following factors were applied: 

Complexity Factor x 3 

Specification Uprating Factor x 3 

Total X 9 

The IGI production cost CfR was based on data provided by the following 

manufacturers. 

Manufacturer 

Poly - Scientific 
Po'ly - Scientific 
Electro Tec 
Electro - Tec 

I.E.G. 

Due to the reiatlveily low production rate of 1 to S units per year, the 
toolliiiitg factor is assumed to be 1.0. 

The DDT&E cost was estimated v/ith a CER developed for sesondcary structure 
which consisted of space quailified hardware of approximately the same complexity. 
See the discuss ton of the seGondOry structure GER, 

Range of Data 

DDT&E: 6 to 15,000 kg 

iCI: n to 7,300 kg 

lattpries 

This element consist of sodium eholrride batferi'es. Battery changing, reguiation 
and eonditioniiing equipment are ineiuded in the battery power condiitioning CER, 


App I i'cation 

High Energy 
Radar 

Navy Destroyer Propeller System 
Sateilite Solar Array 
Navy Shipboard Hoist 


B-38 


SB 78-AP-0023-7 


Rockwell International 

Space Division 


The DDT&E and rhe IGI GER's were developed using batfery data from the 
manned unmanned spaceGraFt list below; 

APOLLO. Lunar Module 
APOLLO Lunar Rover 
ATS-E 

Range of Data 

DDTM; 1.0 to 180.0 kg 
IGI; 1.0 to 180.0 kg 

^ttery Powa* Gondii ttoning 

This element provides the meehanism for the charging of the satellite batteries 
and the distribution and regulation of power to and from the batteries. Included 
are the battery chargers, power regulators, power condiitioning and pov/er eondiition- 
ing equipment which directly interface with the battery subsysterti. Specifico'lly 
excluded are conditioning equipment associated with the power source/power 
conditioning subsystem. 

The DDT&l and the IGI GlR's were developed using data from the manned 
and unmanned spacecraft below: 

APOLLO Lunar Module 
APOLLO Lunor Rover 
ATS-E 
ATS-F 

Range oif Data 

PDT&E: 2.0 to 68.0 kg 

IGI: 2.0 to 68.0 kg 

Input parameters T&M are in kilograms of mass, see table B-I5- 


GlMUNi 

HAWKEYE 

OSO-I 


ATS-F 

HAWKEYE 

OSO-I 
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TAS'LiE B-IS. 03'-04-03. P®W.'t.R (JlSir, S. COWiD. 

,SSW P'NOT0V'0ii,TAl€ CR-^ 



I siP'UT 

PARAP-ETErtb 


Ta 

910000.125 

TFa 

1. 000000 


12-63.60010 

0't.M = 

0.0 

GFa 

1, O OO'O O O' 

Zla 

1 . 000000 

P'rtia 

1 . OO 0 00 0 

Z2* 

1 20 • 00 0 0O 0 

■Rs 

0,01 00 00 

Z3a 

120.00 0000 

OIF* 

0.2000'00 




CALCyLATEO VALUES 


GD®G©GE'P X (T X 0inx,X(GDEXiP) X CE 
CiR'HteCiGE'R X (M) XX (GIEXP) X GF X TF 

DJ 

S #IRH »li / 0 

E ■1.0 ♦ L0G( P'H H / LOGta.O)' 

CTpy«(©LRM- / F)X'M#P'M X /1*,S)'XX(C) -0,5.XXtf )■) 


CIPS«H'CL:R'M/E) X( l»PM X Z3 + 0.5) XX (t)' -0.5XX<t) ) 


'GRCI s G'lPS X R 
G0A.M a Q/li'M 
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iNiPUT 

PA'PA'M t TER'S 


INPUT 

CGEFFiOENTS 

T.« 

<»SMi0iO.O6E 

TF9 

l.OQ^UOO 

€.U€&Rs 

G. 156000 


7ao.O'OOO'O'0 

'O'EiRw 

0.0 

CfjEXpB 

0.511000 

GIFs 

1 .so 000 0 

Zi» 

■1.01) 00 00 

CiCLPa 

0.000764 

PtiJa 

'O.tOO'OO'O 

Z2* 

120. UO'OO'O Q’ 

CXtM a 

0.950000 

H* 

O.'OIO'G'O'O 

Z3« 

120. 000 000 



I0F* 

0•^'OGO'0'0 






■GA'UCWLATEO VAtUES 
e0*GDie&R X IT X OiF)XAtGOB,XP) X CF 
€LRH»G ICIER X («) XX (ClEXiP) X CF X TF 

w 

■I 

- «iRH sT / H 

E » 4 , 0 ' ♦ iOiGIP'H!)' / iUCie< 2 * 0 ')' 

CT'FO® tCUR« / tlX ( X Zi*,5>XA(E) -0,&X,X(U) 



SfMlLLIGNS 

7 R,ft «5 

0 ,X 4 l 


*j78.333 


0 .b 4 « 


l 6 S,fV 90 


t/> 

GO 

I 

> 

-ID 

I 

O 

O 

NO 

\jLi 


GlPS»UCilR'H/€)X( (#|RM X Z3 ♦ 0.5) XX IE) -0.5XXIU) 
GiWGl B ei P S X R 
K Di&M 

G'OWHENTS 9 


) / Z 2 
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I,M:P'UT PaKAHET'E«'S input COtFFlCltNTS 


T* 

297700.000 

TF = 

l.GOOOOU 

LUGtKs 

O.lSbOufl 

M'S 

1'2'63,60 01 G 

Q'fnP* 

G.O 

cut Xf s 

0.29 7 0 Of) 

Cfs 

1.450'0'OG 

11 = 

1 . 0 0 0 1'J 0 0 

UOLt = 

0 ,000400 

PtH'I* 

0 , 9SiG0 00 

Z2s 

12O,'£ut|O0uO 

Cltxps 

1, OOGiluO 

|R»« 

0 , OlO'O OQ 

Z3= 

'120 . O'UOOOO 



Of* 

O.2'G'OflO0 






eALC'ULATi&D VALWES 

eD«C0ClE.« Jt (T ^ Df) xX( C:DEXP) X OF 

G:LW»GiC£'p X (Mixxiei'EKP) X cr x tf 

03 

^ *T / 'H 

£ *'1.0 * iLO'GtP'H l ) / LU'G(2.0) 

C Tf U'* '( GL'R'M / E ) X ( I #R-'M X Z i ♦ , & ) X X a I -0 . 5 X X { t ) ) 

e I PS'* c < G1.R'H /;E ) X ( I # X Z 3 * O . S > X X ( t. ) - O . 5 X X ( t ) ) 
eiR'G'i » eiP'S X n 

? 0i6i'N' 

COMMIE NTS 1 1!)' 


) / cF 


* ♦.'MILLIONS ■ ( 


f .,000 
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03-05-00 MICROWAVE ANTENNA CER's 


This elemenf includes the components of the microwave power transmission 
subsystem. This subsystem, whose interfaces begilns at the rotary joint, is utilized 
to convert the power source output to higli power m-icrowave ener^gy for transmission 
to the ground-based receiving station. 

RF generation and beam control, waveguides and power distribution and 
conditioning are assemblies of the microwave subsystem. RF generation and 
beam control incliude the electronics necessary to convert Hie direcl current (dc) 
eleetri'C power to RF microwave power. Included are 50kw klystrons mounted i-n 
the center of a power module which is 1.02M by 2.33M In size. There are 
136,000 klystrons located in the satellite microwave antenna. Other related 
equipment, such as driver amp'lifiers, frequency control electronics, and phase 
control el'CctTonics are included. Waveguides receive the RF power from the 
RF generation and beam control assembly, jnd radiate It to the ground-based 
rectenno. The power distribution and conditioning assembly includes the power 
conductors switches, and conditioning equiipmenl that conduct dc or low frequency 
all te mating current (acT electric power from the rotary joint and provide regulated 
dc power to the RF generation and beam control equipment and other power 
consuming equipment located on the antenna. 

Also includ.ed in tliis element are the klystrons heat pipes and resonant cavity 
radi-Q'tor (RCR). Heal pipes remove heot from the klystrons body and transfer it to 
the RCR face. The pipes lie between the radiating slots of the RCR. The heal 
pipes all use water as a working fluid, encased in a copper liner. The outer tube 
is aluminum to elrminate the singlL-'poi'nt contact of dissiimllor metals. The spacing 
of the axial groove heat pipes is 11.4 cum. Any one of the orterial wicked pipes 
can fo-il, and the system will still reject the incident heat load and maintain allow- 
able temp e rat u re ! I'm i ts . 

Historical data for some twenty phased array radai^s ranging over a period of 
the lost twenty years were extracted from the Redstar Data Base and/or obtained 
From various €ontr 0 ctors. The data were analyzed, normalized and the costs were 
adjusted to reflect 1977 dollors. In addition, for all costs utilized, the facility 
receiver subsystem hardware, data subsystem costs and basic foci 11 ty bousing costs 
were emoved. 


Tile explication of phased arroy radar costs to the development cost estimates 
of the microwave antenna W 0 s pertinent since the design and development of 
these physically large ground Insta I la tlons was conducted in much tl^ same manner 
that is being utilized for the SPS. The ground a,iay radiating elements were assem- 
bled in sub-array p 0 ne[is, complete with the radiating elements, waveguides, and 
cabling. 
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The sub-eirrays were then mounted into the feicility fromework, sub-cirroy cabling, 
and p'lumb'ing connection completed at system level and confidence testing con- 
ducted* The same g.enera'I assembly philosophy is expected to be fo-llowed for 
the microwave antenna, the difference being that the microwave antenna wI'H be 
totoilly assembled in the space environment. 

The DDT&E CER was based on data from four DOD classified projects identified 
GH'Iy os Projects 21, 22, 23 and 24 as well as the Cobra Dane, AN/S'PS-48 and 
SAM-D (PATRIOT) radar systems* 

A different approach WQi taken to develop the TFU CER’s* After reviewing 
the various radar systems' cost, it was determined that not enough insight was 
afforded Into the componen'ts; therefore, a "girass- roots" approach wets unde^'^ 
taken . 

For purposes of developing a "g>rass-roots" estimate for the TFU, a segment 
of the antenna measuring 2.4M^ was assumed to the lowest repeating module (M). 

In addition, to OTrive at an "average" (M), it was necessary to evenly dilstrlbute 
a'l! components over the antenna* The required components were determined through 
analysis. Letters and telephone ca'IIs were directed to h 0 rdware manufacturers 
requesting techniica'I data and cost quotes for the speGified components. Where 
mu I triple quotes were obtained, the average cost was used* In some Instances, 
e$tiim 0 tes had to be re 1 red upon. It was further assumed that the components ore 
the some in each config.upation with only the power tubes ch 0 nging with the 
exception of the klystron configuration where the I'RF omplifier is different* 

Data contained in the Redstar Dato Base were utifized to develop iintegratiion 
factors which were added to the vendor quotes. To account for the microwave 
antenna, a 20% instrument Foe tor wos also 0p.plied to the vendor quotes. 

Input parameters ore as fo-llows: 

Antenno 

T&M are in square meters 
Meat Pipes 

T&M are tn kilograms 

See Table B-16. 
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03-06-00 ATTITUDE CONTROL AND ORBITAL MANEUVERING CER's 

This element- Includes all the on-board propu'lsion, attitude control and 
orbital m0neuvering components required to effect ond maintain the specified 
SPS position and orient 0 tion in space* The propulsion and orbital maneuvering 
hordware components provide the necessary torque forces required to orient the 
so^-ellite and maintain its required altitude relative to the sun. Thrust required 
to tronsfer the satellite from its assembly orbit to its required operational orbit 
is Q'l'so provided by this element. Hardware elements include Argon Bombard- 
ment thrusters^ tankage, lines and vO'lves and support structure. The thrusters 
0 re I'Ocated with a ten meter separation to minimize tli5 rmal problems when 
servicing a thruster with a servicing cnb and firing an ad| 0 cent tliruster. The 
thrusters are serviced by replacing tne grids and c 0 thodes annually, thereby reduei-ng 
the frequency of replocing with new thrusters* 

The attitude reference determination system features Charge Coupled Device 
(CCD), star and sun sensors as well as electrostatic or laser gyros and dedicated 
microprocessors. Five Gittitude reference determinotion units are located ot various 
!oc 0 tions on the satellite m order to sense thermal and dynamic body bending, and 
to desensitize the system to these dtsijrbanGes. The control algorithms will fe 0 ture 
statistical! estiimators for determining pri-nciipal axis orlent 0 tt'Qn, body bending state 
observers or estimators, and 0 quosi-llnear propu'ision thrust command policy to 
provi-de precise control and mmlmize structuro'l bending excitation. 

Ni'Storieal cost data were obtoiined form NASA's Redstar Data Base. Historiea'l 
data rel'Otive to electrica'I propulsion is limited, consequently , study data have been 
utilized where necessoTy, Ion bomb 0 rdment thrusters use Argon propellants with a 
low thrust but a sig.nific 0 ntl'y higher specific impulse, thus reducrng propellant re- 
suppiiy cost. 

Development of the propulsion subsystem CER's was based on the spacecraft 
programs listed below: 

S-EPS (Boeing) Study ATS-F (Ion Experiment) 

SEPS (Rockwe'M) Study Rockwell SPS Study 

SERT-I'I SERTC Study 

Range of D 0 ita: 

DDT&E and ICh 1§.0 to 107,500.0kg 

I'nput par 0 meters T&M ore i-n kllog^rams, see toble B^17* 
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03-07-00 AVlONiIGS CER's 

This element is 0n assembly of tihe avioni'GS subsystem and ineludes Jihose 
Gomponenifs which process information on-board t^he sale'll I te. This fneiiudes signail 
Gondt Honing, Formating, Gomputalions, and signa! routing. This element is separ- 
ated info J^hree generail hard wore giroups for costing purposes* They are computers, 
electronics cemponents and data bus, 

COMPUTERS 

Miistori'Ca! cost data were obtained for computers from the Redstar Data Base 
system and 0 re listed below: 

Gemini -3 Viking Lander 

Mim u te man MOL 

Skylab H'EAO 

A 50% i'ntegiration factor was included in the DDT&E CER's to allow for 
subsystem leve'l costs, 

Rangie of Data 

DDT&E and ICI': l.§ to 75.7 kilograms 

EL^T^'NiIC COMiPOMENTS 

The eilieetro.nlc rom.ponents 0 ssociiated with Avionics iineliude the SubmuilHiplexors, 
Remote Acquislticn Units, Micro-^proGessors, Bus Control Units and imstrumentation. 

Development of an eiectronlG components CER was b 0 sed on the selected 
componen'ts of the AtS-^F ond OSO-§ spacecraft. These 1'9 electron'ic components 
are listed bellow: 


ATg^F 

Aux, DigiitaJ Sun Sensors 
Mono.puil'se Uhiit 
Wide Band Data Uhilt 
C Band Dat 0 Unit 
S/L Bond Transmiitter 
VHIF Receiver 
Command DeGod'er 
Data Aeq, & Control Unit 
Data S wi tc hing Unit 


QSQ-g 

Solar Power S'uppily 
Power Supply 

Controil Decoder/Demodiuilator 

Remote Decoder 

PCM Decoder 

Format Generator 

W'hee'I C lock 

Sail Clock 

S Bond Transmitter 

VHF Transm'itter 
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Range of Dala 

DDT&E Ginel [CIr 1 * 1 fo 19,6 kilogrems 

DATA B'US 

This e'liement eonsi'St of both eopper wire ancl filber optles, MisforiGol cost 
data were obtained from the Redstar Data Base to produce the data bus DDT&E CER. 
Commereiail prices were used for the data bus 1C! CER* 

Production cost iiniformation obt 0 iined from private industry for "oiff^the-shelf" 


fiber optics 0 nd copper wi 

ire are listed below: 



FliBER OiPtlCS: 

Manufacturer 

T> ne Ch0raGteristic5 

Cost per 

Meter 

ITT Electro*^ Optical 

Slngiiie Fiber 

(I-IO km) 

Products Diivision 

50 M Dia.* 

GS-^02 Single Fiiber 

50 M Dila* 

$3.25 

$2.50 


V 0 1 tec Pliberop tics 
Diivis'ion 

MG *^05 Srngif e Fiber 

65 M DIa. 

$2.25 


Qal'i ieo Electro 
Optics Corporaitfioh 

Single Fiber 
9§ M D'fa.* 

Avercage cost per meter 

$1.58 

$2.40 


One iinduslry spokesman estiiitiates that the cost of opticaii 

fibers wouii 

d likely 

decrease te 40% by 1'980. 
reduced by 40% to $1 ,44 

This study assumes a $2.40 per meter average 
per meter. 

price 

COPPER WiRir 

Manufacturer 

C haracfierls ties 

Cost per 

Meter 

Dearborn Wire & Cable 

22 gage stranded 
silver plate 

$0,807 


Standard Wire & Cabiie 

22 gage stranded 
Silver plate 

$0,705 


Kdren^ Inc* 

22 gage, 2 con- 
duetor silver 

pi|i0te 

$0,807 
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Mil-Spec Wire & 
Cable Corporation 


22 gage, 19-30 
stranded 

Average cost per meter 


Instrumentation input parameters T&M are In kilograms. 


B-53 


$0,610 

$0,732 


SD 78-AP-0023"-7 


Z-C?oo-dv-8Z as 


TA'tLE. B-18. 03'-li)7-k(l AV Ifl>J I GS-MCC 

S yW P HiO T 0 'V Oil T A r C G H s,? 

I VIIP'WT 'PA.fvAWKIE.i^'S If. PUT COEF ^ IC 1 1 J i T S 


Ts 

13 iO' 0,<!)0 000 

Tf a 

0,900000 

CLiGtHa 

O.fcJJOOO 


■M'* 

650.0O00'0'0 

C^M* 

0,G 

Cl)L X I ' = 

0 ,S^} uoo 


■GF* 

1 « (j'O 0*0 0 0 


i * (') 0 (J 0 0 

r.iCtPs 

I'l . 1 7 0 0 0 


PHI« 

O.B'OO'QO'O 

Z2 = 

12 ' 0. 0 0 0 000 

Clf.XiPs 

(. .'iJbOi'lO 


R« 

0,01>GO'0-O 

Z3a 

UO, 0 0 0000 




QF* 

O,b#OO'O'0 






GA'LG'ULATEU VAty'ES 




i » 

MJLl lONb 

G'.0»Gl0'GiEiP X 

IT X 0f) AXtCpEX'P) 

X Gf 




,490 

GiLR'M'»GI€ER 

X IM) XX (ClfX.P)' X 

Gir X TP 



4 

,9S1 

#ipH «T / W 





d.OPO 


E « 1 . 0 ♦ 

LOGIPH'I) / IlO'G(2, 

0) 



0,67fi 



eTFyw(G.iLRr. / €)X((#P'P x .^i*,s)xxfF) “fi). 5 xx(a.)j 9,0^7 


CiPSs lieLP'H/'E) X ( U#M K 73 * fi. 5 )XX(iEi) -G,bXX(t)) ) / /? 

GIPCI a Cl PS A R 
CiQ'&f! s ‘0'b.M 
GQ'MMtNTS i 7 





(t> 

n 

Q) 

a: 

O 

Q) 


Space Divisfon 


Z-^ZOO-d'V-gZ 


TAiB'LE Bi-l'g.. O3"-'0'7-e)^ AVIli-WIGS-lj AN.n G 
SiGiW P'NlQTGV'S'LliAir- G«™^ 


INIPUT 'PAiPAMETiPS If^fiPUT CUCFH i C IE N T b 


T» 

2i6G * Q'O O'O 0 0 

T F * 

0 ,9'O00QO 

CUG£l(s 

(O.XQ2GQO 

'Mi» 

2'6'0 . O OO-O'O'O 

(D'fiiWi* 

0.0 

eor AP= 

0 , P ? V D f ) 0 

G'F« 

1 ,0 O'G O'fl'O 

Zl* 

1 ,'0 0 O'O 0 0 

C1CFP= 

0 , 0 6 0 0 0 0 

H2- 

0,-8'0OW'O'O 

Z2* 

12'O,'0 O'OOO'O 

C'1FXP = 

(!l,bb7O(jJ0 

'R« 

0,0ll.0O'0O 

Z3w 

i 20 . 00*00 PJI') 



DiF« 

UOO'OO'QQ 






'GAiUCWLA'TiED VAiL>df.S 
CD«€Se£P X IT X t'FlXXICDEKP) X GF 
CLRWsiGI'GiE'R X (M) XXlGl'iXP! x €iF X Tf 

GU 

#RiFt =T / 'Ml 


>s»'^lL L ]n^s 

13.b32 


1 . J7S 


i , (1 fJ P) 


€ =1,0 ♦ iU®e(P'Hli / LOGIS.O) 

eTrU»(eLP'M / E)XII#iR'M X 21 + ,5)XX(U -0,bXX(E)) 


0 . h r 0 


U A(j? 


G I P S = ( ( ClL R'M/E ) X ( ( *» R'M X 
CR'Gi ■ G TPS X P 
(ryi&M * 0I&M 
eOWMEiNTS 10 


Z3 ♦ 0 .b)Xx (E) 


-O.bXXIF) ) 


O 

si 

§ I 


jO 

C 




•t) 

> 

B 

h-t 

CO 


) / z? 


('I ■ '+■2 b 
(l.fOA 
iJ. U 



Rockwell In 




TAiB'LC B-20. 0 3-07-03 AVliONlC'S-SG 

SG W P HiOTQ'V'DiL. TAI'C riR -2 


1 '4 P'U T P A'P A Hip T g P% 'I ^ P'l I T e 0 f P - I C J *■ ’ H S 


T* 

. 10 9,.ii'00(ill2 

“J- r ^ 

s r - 

0, 700 0(1)0 

CO<C.EKs 

0., 63300 0 

M* 

ii.6, 19'9'9'97 

iQ-tjifi- S 

0, (1) 

CUFXPs 

0 « & 2 1 61 0 0 

CF* 

i , M 00 0 0 

n- 

1 . 61 0 0 W 0 0 

CICE'Fi; 

U . 1 / 2 tl u 0 

P'H'I* 

0 . b'&OO'QO 

iz- 

<120. 0 00 06)0 

LUA<Ps 

il . 5 -i'b U 0 0 

'Ra 

0,010000 

23 s 

120,000000 



Dipe 

(i),£0OO0'O 





GAteiULATfl) VALtitS 




■ti * MU L IONS 

■GlD«C0'eiEh 

X (T X DiF) *X tcf>f X.P) 

X CF 



3 , J fe.fc 


etR'MweicER X (M) XX (CiEXP) X cr x tf 

GO 

i 

^ #R*M' s=T / M 


0 * S f 1 9 


, 0 f> rl 


E «i'*0 ♦ iQiGl'P'H'I) / LQ'b(2*fl'l 




GTFU'*(E:ilRM / E)X(l#pw X Zili^*&)XX(E) 


•■0 vbxx (t) y 


2 • b 7 6 


€ I PS« ( -t C,L PMi/E )• X ( (• nm X Z3 ♦ 5 ) X X (1 )• -0 5 X X ( p 1 1 ) / i i: 

GKei » eiPS X 

C'0'MNEN'T'S 1'9 







0. U 


cn 

■D 


<t> 

s 

s. 

crt 


3 

ri" 

0> 
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Z-froo-dv-8/ as 
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TABLE B-2K 03-07-Qiv AVILNICS-HC 

5GW PHiOTOVO'LTA IC GW = 2 

INP’UT PAPAWt iEHS 


«RM =T / W 

E =1.0 * LS'CilPHl) / LC'(>{2,0} 

CTEU»(CLRK / f)X((AKM X 71*,5JXX(E) -a,EiXX{t.)) 


i r PUT COEf (■ ICIEnTS 


T« 

673.39'9902 

rf = 

C .400000 

CDGEI' = 

0.633000 

M« 

lb, 199997 

oxt's 

0 . 0 

CuCxPs 

0 . b 2 1 tj 0 0 

CFs 

1 ,000000 

21- 

1.000000 

1 ICEHs 

0.172000 

PHir 

O.B&0OOO 

Z? = 

12 0, 0 0 0 0 fj 0 

cie.xps 

0 ,635000 

P s 

0 .0) Gi'OO 

23 = 

1 2 0 t C u 0 u 0 1) 



Of s 

fi . u 30 0 & 0 





CALEULATFO values 




'XILL 

CR'=GUCEP X 

(T X Df)XX(CLEXP) 

X LF 




CLRM-CICEP 

X (M) XX (ClEXf ) X 

cr X TF 



0. 12S 


:i 7 . f) n n 

0 • 7 b 6 


A. 


CIPS* { (CLRM/E) X ( ( X 
CHGI = GIPS X P 
GOVH s Ot«.H 

eu 


23 + f.,5) XX (t ) -0.5XX (I- ) ) 


) / LZ 


c 

£ 

c 

c 


n . ^2? 
0.0 


V) 

io 

O 

rt) 


O 


m 
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T A SIL € B - 2.2 . 0 3 - 0 7 -0 b A V 1 1! N J< C S -'(H iJS C 0 \ T P Ol I < f-J J T 

SiSW PH'OTQV'Olt TAir 


G9 

t 

OC 



I PARAfXp TE.wS 


JfiPiJT 

cncp F ICJ E'JTS 

Tb 

&343'.«yQ00 Tf' = 

0.O7'6e0O 

rO'CEl- = 

O.1O20UO 

M'* 

5 * b 0 0 1 O^f * 

0.0 

C-M. xP = 

(1 , f, / '1 0 Ilf) 

■Gir* 

1 , G 0 0 0 0 0 / ; = 

i. 000000 

ClCt'pB 

;j ,069 n f) 0 

PN’I » 

G'» V'5 0 0'fii 0 

120.000000 

citxr= 

y .bb7fj 0 0 

R* 

0,ul0f)GO 23* 

120,000000 



Df » 

0, 001^00 




GA'LCUiLATCilij VAiLUtS 



)&» Mil LIONJb 

G©w€P'CiP X 

IT X D'F) XX. (CM XP) X Cf 



f).b22 

OLR'H'sCICER 

X I'M’) XX te I EXP ) X CP > Tip 



0 ,01b 

WRM siT / M 




W.22. 000 

E =1',0 4 

ia'6CPHI) / i.uifv(2,0) 



0,926 

CTfU«'( G'LR'Pf 

/ €IX { |«*KR X Zl*,5)XX(n -I) 

.SXXItl ) 


H, 0 32 

C I P'S'S ( <■ et'R'M /'E ■) X H <» R'M X /.J * 0 . 5 IX X It ) -0 . 5 X X 1 1 ) ■) 

) / 22 

S,63iW 

CiRC 1 « 

: CIP'S X R 



■1,0'bb 


OJiiM 



O.iJ 


eCJ'M^vf'NTS 


SI 


rf 
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n 

D 

ET. 

O 
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TABiLE B-23. 3 -ti) 7 - 0 b A V I On 1 cS-t' I C ‘?0'P'?GCf SSOHb 

photovoltaic Crfi.2 


input PAPAMif TEH'S lOPL'T COEP K I L I f f' T S 


Ta 

5i050,SQDQQ 

IP 

Q.O/ntJOi) 

CiJCf- 1> = 

rj. J D2CJliD 

M* 

6.300GU 1 

UEK = 

0,0 

C'Jt XF' = 

0 , ft 79 Oku 

C:F» 

1 1 0 0 0 T1 0 (j 

Zl = 

1 ,(iOOOLO 

CI(.Ef- = 

(1 , oePOiiO 

PHI* 

i)*9&Ci001iJ 

22 * 

I 2 n , (H. 0 u 0 0 

CIL *(‘s 

(i,S5 7u(iO 

R« 

0 • Ul OQOC 

Z3« 

1 2 0 , 0 J (‘ 0 L 0 



DF « 

0 , 1) G 1 3 (J U 






EALCULATEO VALUES 


•^.1 Mil. LK'NS 


COwGDCER X (T X OP) a X ( CDExP ) X OF 
GLRH«'CieEP X fM).xx (CIEXP) X OF X TF 

ro 

vr #RM siT / h 

\S1 

E »1.G ♦ LOCitP'Hl) / LOGia.Q) 

GTFUstGtP'H / E)X((AP'H X Zl+.S) XX (E). -O.bXXlt, )) 


(1 .S3'.? 

I) .['IS 


TV ^ . fj 0 C 
u . y 2 fo 


7. H2A 


CIPSs( iCLPW/E)X{ (•R'M X Z 3 * (Ub)XX{E) -li,s.Xx(F)) ) / Ic 

G H'CI * C l P'S X P 
CQ4M * 04M 


22 


> 
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f 

n 

fO 

S. 
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TA0iLE B-24. O3'-07-07 A V I CiN I ES-Rft aW G 

5S>»^ P'H'OTOVOLTAIC c»=^ 


IMP'UT PARAMfriW-S 


T« 

&A0£.&'OBOO 

TF = 

U. Qb9fD{jQ 


b, SO 00 01 


(^•0 

tips 

1 ,000000 

Zl- 

I # G Q t; 1} 1 1 ft 

pNis 

0., 95.&D0e 

22 s 

12li), ftft O ftCir!) 

Rw 

0,010000 

Z3b 

i i?‘0 • L' 0 ft 0 0 G 

Of* 

0, GO 100 0 




GAtCULATED VftiUES 


C#«GD'CEH X (T X D'E ) XA (G&EXP l X CF 


^ CURMwCIGER X (M) XA (CrEXP) X CF X If 
1 

® #iP'M sT / H 


E ■i.(J ♦ UO€(PHI) / LU'S<'2.0) 


GTFU*(C.LR'W / E)X((#RM X 7l+,b)AX(E) -0.!HXX(Ln 


GiPS®MGlRWyE)x( (ARM X Z3 + n,Fi)Xx(E) -o.S/xcL)) 


GiRCI B GlPS A R 


GC&iM- t o&M 


GCJMMENTS 


23 


IN.PUT CU'EFf- 1C) HO r-. 


GQGERb C.IUZOQO 

Cl)iF XR * (j • R ? R fi II 0 

CietR= r.oftsuno 

ClLxf= 

T. ^ MILL lONfi 
fl.bZS 
n , 01 A 

fJA b . ft il 0 
fi.92 6 

) / Ik A.Ufi 

ti . riib 1 
0,0 



Rockwell International 
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1,000000 
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P« 
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Z3« 
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GALGlUtLATEjt) VALUES 
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IT X DiFlxXICOEXP) X I 
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X {MixX'f'eiEXPi X OF 
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L6I6 iPNI ■)' / t0ig|2,'0) 
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0 . f) 0 1 
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e QiS^M 
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TABi'E B- 27 . G3»-0 7-iu aVI QiNI CS-O'PTI CAL P U-i'lr> 

PHiOreVOit TAlt CH'=£ 

I NiPU T Pa t^AMf T I H b I' PU T COf F F I C It f iT S 


Tb 

BQ.60G'OGG 

Tif B 

1 ,O0-O[!)O0 

CU'CF_«' = 

0,237000 

Mis 

Bo* O'O 0<0 0'6 

q(;m= 
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CoiFXf = 

ll,297{j0 0 

Gf B 

1 . 0 0 0 D 0>0 

21 = 

1 . 0011100 0 

ClGEf's 

0,0) OPl'J 

PHI = 
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CiFXI = 
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0,010000 

23 = 

120 . OOOOOU 
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eAiLC'ULATfep VAiluUiES 
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1 .00Q.O.0O 

G.UCEE* 

0.237000 

M* 
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1,000000 
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O.OOflOhO 

P#I« 
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R« 

0»0l O'O'OO 

23 = 
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CAteUtATE© VAiUiES 
CD*G©'CE'fi X (T A Df ) AXiG,otxP) X CE 


et'R'M&GiGfR X IM) XX (el£X#) X Cf X TF 
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C I PS* ( ( G LR'W/E ) X ( ( X'SM X 
£»GI * Cl P'S X « 
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03-08-00 THiERMAL CONTROL 


This element covers equiipment Gooling mwlti-layer insuilation blankets. 

Exeliuded from this element are the hear pipes and radiators Inciuded In the 
mJerowave antenna element. 

The mu'ltl- layer insulation panels are requlree) for the back surface of the 
resonant activity radiators to restrict waste heat leaks whilch could Increase temp- 
eratures of electronics to unacceptable levels. This insulation Is coated externally 
with low absorpHvity/emissivlty materials to limit the absorbed solar fiux to which 
the surface Is exposed during part of the orbit. 

The insulation CfR’s are based upon secondary structure CER't the secondary 
structure CfR's were normalized to requirements of th'e insuiiatlon by the ap, plication 
of a 1.5 complexity factor. 

T&M for insulation are in kilograms, see Table B-29. 
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TABLE B-2'9. O3-O'6-'0 3 THEPHAL CO' W P’f):k -JN'SUUATION 

5'6'W' PHIQTOV'OLT'AI'L Cw«2 


EC 

I 
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INPUT 'PAN A'MiT'EW’S l^Pl.'T COCf- F 1 C I £r- 1 S 


T» 

72'4lG0,Q'6ig 

TiF = 

0,009700 

CUCLPs 

0.266000 


iH« 

■6,2'G'00Oi 


0,0 

cm XFs 

0 , F' Q 0 0 


Cf« 

I,Q.O"0't)O'0 

Zl* 

1 • 0 O'O 0 0 0 

CICt'Ps 

U , 0 1!* 2 (J n 0 



G,9i80'OCO 

zg» 

1>2(!1, 0 O'OOOU 

eiEXPs 

0 , 3 7 0 0 0 



0,0 1 0 00 0 

Z3 = 

120,000000 




UiFx 

0,20 00 00 






'CAiLCULATEO VALUES 




t » 
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CO'X'GEICIEP X 

IT X 0iF)'XX ('GMXPi 

X Cf 



3H 

,20 4 

GLiRH«'CieiEP 

X (H'l XX (CIEXF-) X 

tr X Ilf 



n 

,00] 

#RM #T / M 





1 3'92^9,937 


It 

m 

LOiGiP'H'I) / LUiS ('2. 

0) 
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c T'F'U'* '( G L RW / E ) X ( ( «P'W' X Z 1 ♦ , 5 ) X X ( i ) - Q . 5 X X ( 1 ) ■) 


7 7, If'T 


'GIPS*( (GLPH/'EiX{ {t(iRM X Z3 * ti,&)XX(E) -0,bXX(F) ) ) / 7.t 


6 7. 1 09 


eiRCI e eiKS » Ff 

C'Q'biM m O'&'M 
■COmIK'EN’TS 3'G 


0,671 „ 

o,u ® 
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03-09-00 GROUND ASSEMBLY AND INTEGRATION CER's 


This e^em€n^ includes the ground-based assembly and physlno'l i'ntegration 
of Flight subsystem and assembly hardware* It includes the asse nbly^ fes^^ ond 
checkout required to infegrate assemblies into an accepted flight article. Also 
ind'uded are ground assembly and integration associated with early 5PS technology 
verifiiC 0 tion, such as SPS criHea-l component development, integrated ground 
testing, GEOSAT microwave space tests, shared and dedicated shuttle sonties 
and all-up full-scale clipped -wing prototype demonstrations. 

The degree of assembly ve'-les with the fligiht system. For example, the 
automated payloads end possiibly some sortie payloads are completely assembled 
on the giround; however, becouse of the large size of the subscale and full 
scale satellite systems, only certain subsystems and/or assemblies may be assembled 
prior to launch. 

The factor used to estimate ground assembly and integration costs was develop- 
ed from historical sp 0 GeGr 0 ft data, Sinc:e these historlea'I date represent programs with 
a cost base moch smailer than that of the SPS, further anaiysis was required to 
develop a meaningfui Factor whief could be used to esHm 0 ite the ground 0 ssembly 
ond integiFation costs of a program the m 0 gmitude of the SPS. The methodo'Iogy 
consisted to extrapO'loting the percent 0 ge trend of the hiistorieail data to the SPS 
bose. 


The programs used as the b 0 seline are listed below: 


ATS A-E 
ATS-F 
DSC5 II 
MEAD B 
IOCS P/A 
Lun 0 F Orbiter 
Mori ner 1964 


Mariner 1969 
OAO A1/A2 
OSO 1 
Pi'Oneer P 
Tiros M 
Vs!u IV 
Veii0 V 


Tine cost doto base for appilie 0 ti.on of the factor is the satellite system TFU 
cost for TPU and the satellite system FPS cost for IPS, see table B-30' 
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INIP'UT PARAHf'lEPS 


IMPJT eOEFTICIENTS 


T* 

0.0 

TFs 

G.0 

CDCLIi? 

0.0 

M'« 

0.0 

0i8iiN» 

0.0 

ct);l.XP= 

LU 0 2(1000 

Cf ■ 

Q.O 

Zl» 

1 ,000000 

CKEPs 

n , 02(1000 

PHI* 

0.'0 

12 ~ 

120.OOOUOO 

riLXPs 

0.0 

Ps 

0,0 

Z3* 

120.(1100000 



DF* 

G.U 
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©o 
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€tRW'»CICER 
#iRW «T / iVi 
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X IH) XK (CUXiP) X GIF X TF 

/ iDXH^^M X Z1+,E>)XX(E) 


-'G. 5 XX (G) ) 


^ r*^ 

c: 

^ 9 i 

E 0 . 


0 , t) 
H . 0 


0.0 

0.0 


10 4 , 13 A 


C 1 PS* (‘ t CIL RtMi/'E ) X ■(' ( ifPM X £3 + 0 *. 5 ) X X (' fe 1- ~ 0 , bX X ( G ) •) ) / 2 2 

CP'Gl » 'GI'P'S X R 
G@' 6 .H B §i&.M 
e'OMFEMTS 61 


H 44 
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03-10-00 SYSTEM GROUND TEST HARDWARE CER's 


This element mcludes the satellite system hardware required for ground-based 
systems tests including qualification tests and other development tests involving two 
or more subsystems or assemblies. It Includes the production, assembly. Integration 
and checkout of the hardware into a full or parrleal system test article. This 
activity excludes hardware that will subseqiuently be used as operational proto- 
flight or flight hardware. This activity also excludes test facilities or test fixtures 
required for the tests. 

The cost estimating relationship for this element is a percentage relat-ionshlp 
of the total assembled TFU night unit. Since the SPS will be made up of many 
standard repeating modules, it Is not necessary to construct a full sized SPS for 
ground testing. The test hardware required will, therefore, be something smaller 
than the flight unit SPS. It Is obvious thot many different test items of various 
subsystems and oT various degrees of eompleteness wilt be reqiulred. An 0 ssumption 
was mad'e, based on 0 nal'ysis of test reqiuirernents, that rest hardware equal to one- 
half of an eqiuivnlent first flight unit would be required. This analysis formed the 
basis for the system ground test hardware cost estimating relationship, see table B-31. 
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TABLE 8~5il. 0 3‘- I O'-0 O' SYSTEh G'P'GUH JID TgbT riA(P'U‘»..A ac 

5 ‘CTW P'HyTGV'CjiLTAIC CP *2 


00 

I 

o 


iNPitjT 'PAiMAMiETCia'S It^PUT COEFF IGIENTS 


T = 

0 , 0. 

T'Fa 

O.'O 

C©GEK= 

0, SO 0 0 0 0 

Ha 

O'. 0 

Qif.,|i'a 

■O.'C. 

CiUi'F.XPa 

0.0 

'GEa 

0,0 

71a 

■i.oo'oooo 

ClCERa 

0.0 

PH I a 

0,0 

Z2a 

120, 00000.0 

ClLXPa 

0,0 

Ra 

0...Q. 

Z3a 

ize.o-oO'OO'O 



■©Fa 

■O.'Q' 






GALC'ULATtiD VALUES 
GJOaeiDCE'R X (T X E>iF ) XX ( CPEXP ) X GF 
eiLiRWaCKEP X '(M) XX"(GiE*P ) X GF X TF 


i ♦'■m.LiO'Ns 


2 'f) 6 1 ') • bib 2 

(> 1.0 


#RM' *T / M 

€ cai,Q. * L'OGtPTHi ) / EPS 't 2.0 } 

CTPy*(0l-RW / :E)X(t#'WH X Z1+,&)XX'(E) -O.bxxtE)) 


y. 0 
0 , y 

fl.O 


C I P 2 » t '('CL RIM /'E } X '( (■ X'R'M x / 3 + 'P * b ) X X { E )■ -o , 5.X A ( E } ) 
GlR'Gi a ei PS X i» 

'GP&iM ■ Q;&H> 
eiOirtWENTS 6.2 


) / 72 


^ '9 

G to. 


0.0 


0.0 

o.y 



Rockwell Ihtennational 

Space Division 



Rockwell International 

Space Division 


03 - 11-00 SYSTEM GROUND TEST OPERATIONS CER’s 

This Dct'Ivil'y incliudes the eFForf required Fdt condycHing ground-based systems 
teS'ts line liudijing qiuainfi'G0lion 0nd other development test involvimg two or more 
subsystems or ossemb'’es* It mclydes the p-Ionning, documentation^ ond 0ctu0il 
test operations. This activity ai[so includes design, development, ond manufacture 
of speci'Qil test equipment, test fixtures, ond test Facilities that ore not included 
In other elements such os GSE. 

Test operation dato from severa'I launch vehicles, manned spacecraft and 
unmanned satellite programs were anailyzed to determine a method fo-r estmiali'ng 
the cost of SPS system ground test operatiions. Bosed on the ground test hardware 
envisioned for the SPS and the degree of system testing required, a factor was 
developed which is eq'Uiiv0lent to 100 % of the totoil ground test hardware, see 
table B-32, 
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CD 

iM 


fftiBiLE B-JZ. Ol3'-l l-'fiO SYSTEM GiR’(jUiNilJ TEST QiPF r<AT 1 OiNS 
5'5-W P'WTO'V'QiTAIC Zm~Z 

IWT Prt‘PAMlF.TE#S 


EAt-PULATEB VftiLUES 
eiD»C©:CEFJ X (T X ©f)XX(CMXPI X C'F 
C!LRH»Gi GiK X < H) XX t G I EXP ) X Gl X TF 
#(PM sT / h 

Ig Bi,e ♦ .LQigCP'Hi) / U&{2.0) 

eTFU«(ClLRM / e;)X((#RM X ZI^.&JXXCEI 


■INPUT CoEF^r ICI'El'TS 


T« 

0*0 

T F a 

0.0 

CEliGEFIs . 

1.00000.0 


0 * y 

O'i.Ma 

0,0 

cot XiFa 

0, u 

CF» 

E» f £» 

Z'l» 

1,00000 0 

ClCtPB 

(1 • Cl 

PH la 

|Q « 0 

Z2a 

12'0.OOOQCiQ' 

CtlXiPa 

0,0 

■ka 

0,0 

Z3a 

IH'O.OoOOOO 



0),f a 

0,0 






T.t<ilLLiONiS 
F. feib fl . hb~Z 
. Ill 


(J.Ci 

U,(J 


W . ‘I 


C1P'5»'{ {eiW/€)X (' (»#M X Z3 ♦ O.'SIXXU) -'0.5XX(EH 
GRCI a eiPS X P 
■e.Q's.K B 0'E'W 
OOWKiENTS 63 



K S5 


) / Z/? 


0 . t) 
fi , iij 


D.l!) 





Rockwell International 


Flodkwell International 

Space Division 


03-12-01 GROUND GfERATlONS CE'R's 

This e'liement iinGliudes iihe planning, developmenl, and Gondurct of ground 
operaiHons reqiuired im support of the satellite orbitai! assem'biy and cbeckouit, 
inGliuding the ground s^upport personnel and logistiGS tnanspo.rtatien of materi'0'lis 
and eq.U'ipment to the louneh site. Also iincl'uded is the ground support required 
duirrng mission ©perotions ossoclaled with the early SPS technology verifioction 
ground and space tests ond evoiuoitlons. Ground operoitlons nequiired i*n support 
of sate'lt'ite orbitail tronsfer and satellite operations ond rm iintenonce 0ne imcliuded 
im ground station system operati^ons. Excluded from this element are the launch 
vehicle operations. These operations are ineiuded in each transp 0 rt 0 tion and 
launch ve:h!icle eliement, 

[nput parameters T&M For construetion ground support are im man quarters; 
input parameters T&M for logisti'Cs are in kilograms of mass. See Table 


B-73 


SD 7S-AP-Q023-7 


Z-C300-d'\/-8il as 



T A Blit B- 3,3 . 03'-ii2-0'l Ij-PL).LIW[/ biPi|TftAT HJNS 

S'G W PHI0 T O-V&iL T A 1 C CP s,? 

iMipur para’M'E iens 


Th 

0.0 

TFs 

0.0 

Mis 

O.'O 

OEih's 

0.0 

©F* 

0.0 

Ziis 

i ,000000 

PHjs 

0.0 

Z?« 

1? 0 .0 0 0 0 00 

Ro 

0.0 

H3s 

1.2 0, 0 00 0 00 

'D'F'B 

0.0 




e.AieiU tAT'ED VALUES 
CD*e®eiEP X (T Jl #F)'XX.(ClDlEXiP) X ClF 


'OlRiHwGlGER X {M) XX fCIEXP) x CF X TF 

03 

I - 

bt / M 


E + L 0 G|iPH!X / iOiGfg.'O")' 

CTFUiBtCLR'M / E)XH0#H X -G.SXXtCl) 


el'P'Ss( (G.LiRiM/E)X((#'R)W X ♦ fo.B) XX (E). -0.5XX(E) ) 

GRCI » Cl PS X R 


GU'&M c 0 I&M 


COiMME'UTS 


31 


IN.PU T COIF FIG I E NT 5 


COlCERa 0,0 

CUiEXips i,f)U 0 O 0 O 

ClCEPs 0.0 

CILXI^a 1, 000000 


) / ZB 


MILLIONS 

0,0 

0,0 

0,0 

0,0 

hiR , 3 AP 


1 ' 6 , 6 .S 4 
0 , 0 
0.07? 



Rockweil International 


L^£ZOQ-d^^nL 0'S 


CD 

I 


TASLE B-33- 03i-i2-oi aRulif^iD sypP'CffT » 

S3.W NJHiQTOV'OiI'.TAK: 

iMipiHT PA'^ AMf.' ||£«'S 




CAitcyLATCD VALtilES 
,DD«GO€tf X (T X D'F) XX {GDFixr) X CF 

ciRJM'*eic&is X fM)xx(eiExP) x 'Cf x tf 
#RH sT / 

|£ *1.0 ♦ L0iG(PMl) / WtXati’.Oi 

■C T F-y* '('Ck R'H / £ )■ X ■( ( #iR'H X Z 1 ♦ . & ) X X (£ ) - 6 . b X X ( t ) )' 


H.PUT COiEFFieilinTb- 


Ta 

12SO.OQOO'tD 

TF = 

l.OOQO’OO 

CQ'CLPb 

Q,'E 


laSO.OOOO'G 


0 . 0 7 20 (./ 0 

r Oil Alt -'a 

1 , C t'J(iOno 

Gf * 

1.000000 

Zla 

4.'0-0 0.0'(!)0 

CICE'f-a 

0 . 0 1 30) 0 01 

PHI* 

UQOO 00 0 

Z 2^ 

1 20 .0000 0 ID 

Cl EXP a 

1 . a (■; () 0 0 0 

pa 

0,0 

Zia 

123 , OOiDOO'O 



■Of a 

i.OQOO'QO 






LIONS 

0,0 

I ft , i’S 0 
1.000 
i . 0 0 0 

ft'!i , 0 f< 0 


CiP'SsnCLP'Hi/f )'X H#R'N X Z3 ♦ (i.lalXXlE) -t),SXX(L) } ) / Z2 

GiRGI » GIPS X H 
G'Q^K'K ? O'biF' 

GOH'M'ENTS 141 •; 


1 ft.fbft 
0 , f) 
0.072 



Rockwell International 


/-•eSOO-dV-B/ GS 


CO 

r 

cr 


TASifi B-33. OJ'-12-Oi li,0'talSi:K.S 

5.G1W P'H'OTiQVQlLTAIf. Gi« = 2 

J NIP LI? PAiPAMl TEP5 


GAieULATiEls)’ VaIUIIS 
cie»eiD'CEP X u X O'P)ax(gmxp) x cf 
■ eL»M»GICEP X ('H)XX('CilXP) X G.F X TF 
#R« «T / K 

Z «i.O ♦ iLOiGtPMI) / LUG (2,0) 

ET'FU'stGL'PH / F)X((IP'M X 2l4,E))XXlU -0,5XX(U) 


JtJPUT CrjEF'UCltflTS 


T* 

3348i9’00S,() 

TF*: 

■1,0(30000 

CDiCEps 

0,0 

M* 

334.8'90 08 , u 

O'Lps 

0,0' 

CDCX'F's 

1 , 0 0 U 0 fii 0 

GF* 

1,000000 

Zl = 

1 ,(300090 

U1G.LPS 

0 , 0 0 f J 0 0 

P'W'I* 

1 ,'00000-0 

l'd~ 

120* O00iJ0O 

CI€XP= 

1 . 000000 

Ip* 

01, 0 

Z3s 

i,.O0-OOf:O 



®F* 

1 ,0'QOO0'O' 






?*^rLUO'is 

0.0 

3.349 

1 , 0 1 ) 0 
i , uoo 

3. 14 9 


C I PS« ( (CiRH/E ) X { ( #‘PM X 
G'R’C I s C l 'PS X 'P 

s Q'LW' 


Z3 ♦ 0,S)XX (€) -O.&XX (t.) )■ 


> / Z2 


(/ , u 

O.Q 


0> 

o 

n 


3 

CD 

d: 

o 

d 

m. 


eOMMlENTS U.2 


Rockwell Interi 


Rockwell loteFnational 

Space Oi vision 


03-12-02 ORBITAL OPERATIONS CER's 

Tliis element i-ncjiud'es Hie planning, Gfevelopment,. and condycf of l-he on- 
orbif opefalrons GssGcr 0 ted wifh orb^^a'l 0 ssembly and checkout, orbifail hransTer^ 
0 nd fhe orbil*ai operations ond m 0 'intenance of Hie SPS. It includes the on- 
orbif personnel end expendoble provisions ond mointenonce supp'lies ^o support 
these aGtivitles^ 

Input par 0 meters T&M are os followst 

Crew - Mon Quarters 

Provisions “ Kilograms 

Expendable Maintenance Supplies (EMS) ^ Kilograms 

See Tables B-34 through 
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TA.@Il£ B-34. 03-i2-0<f UH-riiTA.L QiF^'EFAT I Q'IvS » 

sew PHiOf OVOt TA ie CN)«2 



I NiP'U'T 

■PAPArtFTfM'S 


T* 

16'0'. 000000 

Tf-a 

i. 00 00 00 

'Me 

J60.OC0Q00 


0 t 0 

G;F E 

l.OOOOO'O 

Zi's 

4 , oonnfio 

PHI* 

1,00 00 00 

Z2 = 

1 , 0 0 0 0 D 0 

Ks 

U’.o 

Z3« 

1 23,000000 

i0f* 

1 , 0 O'O O'O 0 




eAicuiArEo vAiLUfs 
G;D®CID'GEP X (T X Of ') JCX (GD'EXP) X If 
ClLR'MwClCEP X (M)XX(CteXP) X €f X TF 
»T / W 

E *1.0 ♦ LOGlip'IHl .) / LO'6{2,0) 

eTfU*'(Ct.RH / eiXtli'RW X Zi+,&)XX(El -0,bXX(E)) 


el'PS»( (GiR<Mi/'E)X( X 13 * 0,5)XX(D -0.bXX(E)) 

G.P'GI « C I'PS X P 
G' 0 U ‘1 a 0 ' 6 iM 


eO'MiHENTS t» 3 ' 


coNsmucrrof ct-tw 


n-PUT CO'EFf rCItf<TS 

CDG£H=- . Q .0 

CQifc.APa 1 . 

rifEf-s o.oibfacn 

Cl:fXF’= 1,0 111 (-DUO 


) / i? 


J.* MILL IONS 
0.0 
^ , A 9'6 

1.000 
1 .000 



S 


Rockwell International 


Z-£zoo-d'V^8/. as 


T'A.BLt 'B-35. U3-i2-Gi£? Of-BI TAL OF EVaT 1 0(<S » OPt K A T I C N?i CHEW 

5S.W iPHOTO'V’OtTAIC CH = 2 



I MpigiT 

P AH APt. TEH'S 


II. HUT 

CUiEFF I CUNTS 


IIAO.O'OOOO 

TPs 

l.O'OQOOO 

LUCtks 

Q.O 

rt» 

n*0.o0O'0-o 

Ofvl'.s 

1 7,7B3^97 

cy.f XH = 

1 , 0 0 fl 0 0 0 

e:F« 

1,0 00000 

7U 

1>. 000000 

ClCEHs 

G. n 

PHI» 

i • tiOOOOO 

Z2s 

I^O.OVIOOOO 

CIEXP= 

1 , U U f : 0 0 0 

R» 

o.o 

Z3* 

120, 000000 



DlF» 

1 ,0 0OOOO 






■G'Al,CtfLAT€i(D VAi'UIES 
CiD*G®C£P X (T X Df )XX(e©iEXP) X CP 
CiLiR'M»G'ICER X (M) X* {CIEXR) X ClF X TF 

■I 

*T / H 


‘MILLIONS 


0,0 


0, n 


U a 0 0 


f »ltO '■> L06(P'N'n / LO'Sfg. 0) 


I . QUO 


eTru«('euR'H / e)x((#rm x k!i*,5)xx{E) -ij,5xx(fe)) 


0 , t) 


eiPS«( HLR'H/E)X( lx#H X 13 * 0.5) XX (E) -0.5XX(E)) 


) / i? 


I') . 0 



CPC I « e i'p'S X H 
C'QiEi.M » O'&'M 


H4 



o Q 

p < 

Ps S 

*< ^ 


0, i) 
17, 


f 


CiO'MHlE'NTS 


Rockweii Irntemational 


Z-g^oG^d'V-^g/ as 


‘It 


GD 

1 

Cc 

c 


TABllt B“ 34 . fl 3 '- 12 -#^ (.rf-’diTA.L Qirtf- AT I ?NS » CONST, Ph^'NV, 

S'G'W P HiOTO'Vail TAIiF C« = 2 


■ 


Ir<|,p'L'T 

paI'Amif I' Iks 


INP'IjT 

COFPF ICUf. IS 


T » 

a:i0.a'g.o.0(ii'O 

T'f a 

1' , 0 G 0 (J U fl 

CtJ'CEP* 

(1 , (i 


M'S 

2 i Cl'250 , 0 G-0 

Ci'S'r: a 

0. 0 

ClJip XPa 

Ji , IJ 0 f) 0 M 0 

■ 

'GFs 

l.GGPOfiO 

21 = 

4 , 0 (S G 0 (.; ig 

CiCLf a 

(i,n (Ml 0 2? 

1 

PHI « 

1 .00 0 O'O 0 

22* 

1 , U'O 0(J 0 fi) 

GH Xf *a 

J , u n (. ti f) n 


pa 


23 a 

1 23 , f'l 0 0 0 0 



f 

0IF* 

'1,00 0 '0 0 0 






CMCULATEi©' VALUES 
GlDcGOCEK X '( T * D'F) AX tCI' ExP ) X CF 
GILRM«GieER X XX (C lEX.PI X CF X iff 
##H »T / M 

€ « 1*0 ♦ LU! 6 (P«i> / LO'&( 2 . 0 ) 

CTFU« (CLRM. / F)XMo*iP'N X <?i+ ,l>) XX < F ) -G,bAX(fLl) 


T.t'^lL L ION'S 
('J . 0 
4 , f >4 7 

1,000 
1 , (') 0 0 

1 H, bf'N 


G I P S* I t G.L ) X ( ( #iRih X 
e»Ci B GI P'S X P 
GO'LM K QifiiH 


23' ♦ 0,5)XXCU' -O.bXXtt)) 


) / 2i? 


4,76 3 
0 , I'l 
0,0 


G.C/'MMfNT5 l'4b 


Rockwell International 

Space Division 


Z^Czoo^dv-gZ as 


CD 

] 

GO 


TAiBlE. B'-37. G3i-l?'"5)c’ Oil.ylTAL OiP£(-(ATI O'M'S* O^PS. 3PO\/, 

b'G'iM P'H'OTO'VdiLTaIG; c>^=d 

iSilPL'T PA'PaH'Il 


CAlCiULATC .0 WAiLUf S 
C©«€D;QE.R X O X D'FI A.X (£,[ EXP ) X CF 
eiL-^WaiCJ CER X (H ) XX (ElEXP) X ClF X IF 
#|RW. =f / K 

E ♦ t0i6|iP’HI )' / LO‘efg.0) 

CT'FU=tG'LRM / E)XU(!(iP'M' X Zi*,5)XX(£)' -O.bXXfF.M 


ilhHUT CUEFF ICJ f fH S 


Tse 

I496iQ'0Q,QG 

T) K 

l!.0O0 00'Q 

cacfei'-s 

y . 0 

n± 

H9'&0 0 0.00 

fiEF's 


GutXPs 

i , 0 0 (1 0 0 (1 

GIF a 

i, .00 0 000 

Zl'a 

1 , 0 fl.Q'O O'G 

C tCF-H* 

0 , 0 

PHI* 

1 ,O'GO0'OO 


120,000000 

ClLX.) = 

1 , a 0 n 0 0 0 

■Pa 

0.0 

Z3 = 

12O.0OOOt-0 



Of a 

1 • OOO'OP 0 






%»'^'I'LLIC>N'S 

0,0 

0.0 

i . f) 0 0 
1 , 0 0 0 

0,0 


*l(eiLRW/E>XMxR'« X 
CiR'ci *t eiP'S X p 
GiQifciiFl a O'EM 
C'CDWfiiE'NTS l<v6 


Z3 + 0,5) X A {f ) -0,5XXfE) ) 


) / Z? 


0,0 
n , 0 

B,276 


O ^ 


F Q 


^ c3 


Rockwell International 

Space Division 
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TA.BILE B“38. Q3'-12-0^ OI^hITAL OPiHATIOifSt CON-ST, f- M'b 

Sm PriiOTOV'GH TAiIC C^~i 



Iijgip'l'IT PA 

Pami( fEP'b 


II, PUT 

COEFFICIFPTS 


T s 1 i'feibi® 0 i (9 0 0 

TF * 

1 * G 0 C 0 0 0 

CD.CEK5 

0,0 


1 16ife0fij • W0'0 


0 . n 

Qyl xr = 

1 , 0 ti () [) 0 


Gfa i,H0OP0O 

zu 

4,000000 

ch:fJ'= 

1/ , 0 0 1' 0 J b 


PNIa i.'OeO'GflO 

22 = 

120.O0CMJGO 

L'lCXf - 

1.000000 


R a 0 • U 

'&F » . 0 0 0 0 O'O 

23 = 

123, 000000 




cAiteniAret; vAtutb 




^tHJLLIONS 


CP»CiL>CEfr X ( T X OlFl'XX'letvexp) 

X CF 



0 , n 

CD 

■Ct.PK»CI€€fi X f'H) XX (eXEXP)' X 

CF X TF 



1 . 7b2 

1 

GO 

M 

»T / M 




1 . (■» ft 0 


E *1,0 * LOCn t'P'N I J / L0'&(2 , 

0) 



1 , Q ( j f i 


CTFU* CCiLPM / iF )X((#kM X 21*, 

5 ) X X { E ) 

) .5XX (it )■) 


/-.nOH 


CI'PS-I lURfM/E) X( ( X 23 ♦ 0 ,S))XX{(l) -0,bXX(E)) 
GiHC l « eiPS X k 
G:©'8iIM s 0S.M 


) / 7 .^ 


1 . f k'(-- 

0 » I ) 

U. 0 


<D 

Tt 

3 

Q 

a 

O 

3 

03 


C0MiMft:TS 14 7 


Space Division 




TA«IlE 'B-B'. QIRIMITM. aP'&RAT J- &NS » 

5 BW' iP«' 0 !r 0 'V'O;LTAI'C GR «2 



IMP'D T 

parameters 


-_7a . 

B'322iO'O.0’O£) 

TF*. 

l.OO>0'00O 

H'a 

83'220'D.O'O'O 


3 , 120800 

CiF ■' 

1 .O'GOGOO 

21* 

1 ,0'O'O'GOO 

PH la 

i , 0'O'G‘D'O'O 

Z2» 

I'BO.OO'OOOO 

Ra 

0,0 

23« 

120.000000 

:DF* 

■i • OOO'OO'G 




GAiLGULAfE® V AiW fS 


ap'S, EHS 


IM'P'UT GOEiFF I'CrtNTS 

CSGERa - -- ^ 

0pj;[- Xil's l.ootjoow 

GlCEPa B.O 

G I EXP a i 


% » M H i, 1 0 N'S 


G®«GiD€E,R X U: X Df) XX (€i&£XiP) X CP 
iOL»M»€I€EP X f'H)X4t(CIfX.'P) X Cf X TF 
aT / m 


0,0 

0,0 


1 • 0 0 0 


€ »1.0 ♦ LOG (PHI ) / L&ie (£,0 ) 1.000 

CTFWa (G'tiRiH / E>XH##M X i?l+,S)XX(r) -O.SXXfE)) 0,0 


GIPS«( (e:LiRWi/£)'X( (#PM X 23 ' ♦ 0 , 5 ) XX IE) -O.sxx <■£)' )' ) / 22 

■eiRGI = GIPS X H 

©fiifc'H a, i0i8,H; .... 

e^iKM'E'NiT' S I A 3 ’ 



0 , (1 


■c. ^ 




'tJT ,c 5 




Roekwell Internationai 

Space Division 


Rockwell International 

Space Division 


03-13»00 GROUND SUPPORT BQUUPMlNT (G&E) CER's 

This aetiv'ity iincliud'es a1I ground^beised hardware req'uiired m sii/ppori' of 
handiling/ servicingj. and eheckawit of Hhe sate'llilte siufcsysfems* Ilf aiso 

Ineludes special hardware required for simiiJilafriQns end tiraining., InG'liuded are 
tlhe costs for design, deve'lopment, manLJfaG^l!Jre, aGceptance, q u alii fiicat ion., 
and malnitenance of the GSI eqiuipmeint# It is recognized that various equip-=' 
ments can serve muitiparposes. For exarnpie/ a developmental mocku.p may 
ioter serve as a traiiimlmg aid aifter it has served its originaii purposes, [n these 
instances, the 0cq.uiS'ition cost is charged to the origimal or frrst purpose use, 

0 nd subseqiuent usage will incur oniy the recuirring ope'raitions and mainitenance 
cos ts , 

GSE costs from seveTal launch vehiele, manned spacecraft and urdnanned 
S0te'llites were an 0 i[yzed to dete.rrnine their applicdbljity to SPS GSiE requirements. 
From these data, a peircentage factor was develo.ped which can be used to estlim 0 ite 
SPS ground support egoiiipment costs, see labile . 

The cost data base for appilcation of thiis factor Is satellite system DDT&E 
cost (03-00-^00) , 
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Z-ff^OO-dV-RZ < 3 S 


CD 

I 

CO 

VJ^ 


TABIE 03-13'-G0 Gl^OlJNL' SUPPORT iQUlPKEM 

5G« PrJOTOVQl-TAir CR = 2 

INPUT PaPAMETEHS If . put COEFF I C I E hT 5 


. !■ 


OiO 

ri s 

0.0 

CDC£Rs 

0,1011000. .. 

M« 


Of li) 

G'iPa 

0 . 0 

CDEXps 

0,0 

GF« 


0,0 

Zl» 

1,000000 

eicEP* 

0,0 

P«I» 


0,0 

22s 

120,000000 

ClExps 

0,0 

P* 


o,u 

23s 

120,000000 



Df ■ 


0*0 





GA.UCULATED 

V A, LUES 




^ »MIL Lin.NS 

C0*'CD'G£R X 

IT X 

DFJ XX ICDEXP) 

X CF 



B49,437 

CUR'HfcG I CEP 

X (H)XX(GIEXP) X 

Cf X TF 



0,0 

#PM «T / P. 






u.o 

E *1,0 * 

LQOIPHI) / LO'6 12, 

0) 



0.0 

GTFU* (CLPM 

/ E)X ( (#H'W X Zl*. 

5) XX IE) -C 

i.SXX IE) ) 


0,0 


eiPS»MGLP'M/E)X ( {f»RH X 23 ♦ 0.&)XX(EJ -O.SXXIEJ) 
GRCI B UPS X R 


) / 22 


0,0 


0,0 



(L 0 «kM s OifcM 


j,y 


Sg 

§s 

ss 

§S 


COH'PENTS 


65 


Rockwell International 

Space Division 


Rockwell Internationa! 

Space 'Division 


04-01-00 PROGRAM MANAGEMENT (PM) CER's 

This activity rndiiides system lievel program management* Systems level program 
management Inelodes those management efforts whiich relate diiirectl'y to a eompfete 
system. Relative fo the SPS fihere 0 re two eomplete systems. The firsts is the 
S 0 itei|Mte System end the second is the Ground Station System. This activity encom^ 
passes the fol lowing Ground Station System functions; 

Program Administration 
Program Plon'nlng and Controil 
Contract Admiiiniistr 0 tiion 
Engine eri ng M'a nag,emenit 
Manuifaeturiing Managiement 
Support Management 
Q'UOility Assurance Management 
Conifigiuratlon Management 
Data Managiement 

This activity also iineiudes the effort reqiuired in the coo.rdii'naition^ gathering, 
and dissemination of management infoinmation. 

Data from several launch vehicl'es, manned spaeecpaft, and unitionned satell ites 
were analyzed to determine theiir applJiGaibi M ty to the IPS system lievel requirements , 
From these dota^ percentage factors were developed whii-ch eon be used with the 
Ground Station System cost to estiimate the SiPS system ievel program manogement, 
see tabl'j . 

The cost do'to bases for the appiri'cation of these factors are as fellows; 
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04^02-00 SYSTEM ENGINf ERING & INTEGRATION (Si&I) CER^s 

This QcJ'ivUy iineludes system lievel systems engineering (pnd iintegra+ion • 
Systems leve'l SE&I i'nGiiudes those Sf&l ef Forts which relate diirectly l^o 0 complete 
system* Re'latlve to the SPS the-re are two complete systems* The first is fhe 
sotellife systems and the second is fihe Ground Station system. 

This aetivify imeliudes the engineeriing efforts reloted to the establishment 
and maintenance of a tecbnleaif b 0 seliine foir a systein by generation of system 
Gonfigur0iti0n parameters, eriteri'a, end requirements. lit includes requirements 
analysis and integirati-on, system defimiition, systen. test defimition, iinferf 0 Ges, 
safety, re'l iobi |!ity, and maintai nabllity . It also rncliudies those effort reqiuired 

monitor the system development and operations to ensure that the design 
conforms to the baselime specifi cations. 

Data from sever0il feunch vehircles, manned spacecraft, and unmanned 
satellites were analyzed to determiime therr appliicabil'ity to the S'PS system 
leve'l req-uiremenfs. Prom these data, pereentage faetofs were dieveloped which 
can be used with the Ground Station systern cost to estiimate the S'PS system 
level Si&l costs, see tabilie B-^2. 

The cost data bases for 0 ppil ie 0 ition of the percentage f 0 ctors are as foll-ows: 
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04-03-00 RECTFNNA CER‘s 


Tiie recl^enna consist's of a dipole network and diode rectifiers which receive/ 
and rectify Hie microwave power, a power disirilbution end condi l-ronl ng system which 
cO'lleGts and delivef'S to the utility interface the rectified (dc) power, and the 
support and ground plane structure which provides support for the dipole rectenna 
panels end components of the distribution system* It qIso provides a ground p'lone 
For the microwave power. 


The rectenna farm area of 10 km by 13 hm contains 8M rows of rectenna ^ 
panels tilted 40^ to the horizont 0 il, providing an active intercept areo of 78*54 km , 
Since an indiividiua! panel is 12.24 km by 14*69 m, some 436,305 panels wiM hove 
to be assembled on site and erected. In order to mlniimize electrical wiring from 
the rectenna panel areo (t.e*, the rectenna ’’farm’'/ two electric 0 i| switch yards 
ore employed each with its own conveitei 0 nd relay bui Idling. 


The bQseline rectenna panel is 12.24 meters wide by 14.69 meters long* A 
liominated modu-le of the rectenn 0 panel consists of a strip line pattern of bow-tie 
dipole antenna etched on a copper faced mylar sheet. The stripline trock collects 
the dipole sig:nals of 0 common outlet, where it is converted to dc by 0 diode 
rectifier* The bow-tie panels offe'- ease of manufacturing, low diode count, and 
excellen' we 0 ther resistance. The concept is designed for ease of mas s production. 
The panel modules are lomi noted foam and copper-clad mylar solid sheets* A panel 
module weighs 0 pproxim 0 lely 2 The totoil mass of rectenna panel modules 

is 157.085 X 10^ kg, or GpprGxiimate !y 360 kg/rectenna panel. The support structure 
Is designed to withst 0 nd high wind loods i90 mph^ while holding over'all ponel deflec- 
tlons to less than 6 centimeters and localized panel deflections to less than 3 centi- 
meters * 


Blower and he 0 ter equiipment which will keep the panels free of ice and snow 
and power conditioning equipment, such os the DC to AC/DC Gonverter end feeder 
busses which interface with the ponel /rectenna main bus ore Located underneath the 
rectenno panels. 

The D'DT&F costs are considered very small relative to copitoil costs. They are 
estimated to be on the order of $5 million for the rectenna components required for 
a one gigawatt rectenna. Rectenna DDT&F cost should be relatively insensitive to 
scaile of the rectenna beyond 1 gigawatt. Accordingly a scale effect was 0 ssumed 
eqiul valent to a 0.3 CFR slope 0 s a function of rectenna power output. The tech- 
nologies involved are state-of-the-art, and have been tested on a small scaile* 
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Near i^heQ retie a'l maxirmum eiffi-Gieneles hav-e been demonstrated In mierowave to 
d'G conversion* Strujeturail desigm will iinvoive ae'hiievennent of hii.gb strength to 
weigih ratio ond high produGiibility, however, hwnd^neds of thousands of identiieal 
structures will be requlired for each peetenna system. PDT&E costs for the dis-^ 
trlbutlon ond eonditroning system will be those imvp-lved with selection of con-^ 
duGtiing and rnsuilatlng rnateri'als and optimlzimg the vol tage/cuirrent r 0 tios and 
the eonfig.Uiration of the dlistrilbuition limes. 

the imitiial capital imvestment CfR's were developed for each element of the 
peetenna and are discussed below: 

P'iipoile Ne two rk/ Dl^fe Re c tU^ le r 

The diipolie/rectifieir design Is a laminated assehib'ly consisting of two liayerS 
of foam and three layeirs of copper clad mylar with a bow-tie dlipoile network 
etched on the copper eliad mylar. Fach dipole network receives enough micro- 
wave energy to oiilow maximum convepsion efficiency from microwave to dc thirough 
the rectifier dliode* Fach panel Is attached to the su.ppport structuire. Tihe ImiHoil 
c 0 .pital imvestrhent cost GFR's were based upon engimeerlng cost estimates. 

Power DistTibutiion and CQ^^dltionilng System 

Based on dliscussions with TV A ond Bonnevi Ilie personnel, a ruile of thiumb of 
SO.Ol/watt hos tentatively been used for the iin.itl 0 l capital imvestment CER for this 
e'lepn-ent. 

Support and ©round Plane 

The rectenma support and ground plane consists of 814 rows of tilt- faced array 
structures* The concept selected was one which employs thin-sheet (.020 inches) 
prefo-rmed hat sections; standard sized (S-linch) l-beoms; and 3'^1/2-iin'oh d'lameter, 
0.226-'inch v/a'N thickness tube braces* The materlail Is ga'lvamized steel. The 24 
hot seciions one riveted to 4 I-beams which. In turn, aire bolted to the tubulair 
braces. The I ‘“beams and braces support the structure on concrete pie-rs* To allow 
for adijiustments., a screw ]>ack is used at the base of the support braces. The entire 
support structuire with peetenna pamels w-eigihts approximately 2,200 kil'ogroms (4800 lbs.). 

This element imelud'es the reetenna const fug tion. As soon as an area of the 
rectenna site has been pairtiailly cleared, graded, survey lines set and the first 
concrete p'lants birought Into production, the operations of digging holes for pouring 
footings to support the 436, 818 reetenn0 pone Is can commence. 
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ll- h 0 s been estmai^ed that a crew of 2 men con 0per0'^e cind exc 0 vate of a rate 
of 10 panels (80 holes*) per § hour sbift wifh a 20^-0 H'me morgiln. Around-the- 
clock operai-ions wifh 20 effective hours per day over a 9--mon-th time period 
would requ'ire crews totaling 260 men for this function* The process of pouring 
the footings and emploeemenl of ploles of which the rectenno ponel structures 
ore attached should t 0 ke less time than excovotton, but to mointain a conitinuous 
flow operoti-on^ it has been ossumed thot the times ore IdemiHca'L 

The newer concrete trucks con de'liver 10 cubic yords of mix per lood. 

Given that an overa'II overoge requi rement per footing Is 6 cubic feet, then the 
trucks con supply enough mix to provide for 45 footings* tn order not to detoln 
the truck or a driver whiile footings are being poured, the concrete will be delivered 
from the mix plant to o mobile hopper at the v/ork site* Hoses emanating from 
the hopper ore oper 0 ted by the two-man crews who are setting the footiings. A 
tuirnaround cycle for the truck Is estimated at 2 hours, thus i-n on 8-hour shift, 

0 singie truck con supply enough concrete to Form the piers for 22.5 reclenno 
pone Is* If a truck iis down for scheduied and unscheduled maintenance for 3-shifts 
out of the 21 during 0 week, then 3’0 10-cubic yord eonerete trucks will be the 
compiem ent required* If a mobile hopper supports the operations of two crews, 
then only 22 of these mochines will be needed* 

In order to meet the reclenn 0 site conslruetion schedule, construction messes 
m'ust be supplied to the assembly and support equipments at rotes which meet ro 
exceed their d-^mands* These mass flow demands - millions of kilograms per day- 
are two in types: delivery to the site demands and Intro^site demands. Delivery 

to site requirements are lower since pre-construction build up will ollow, overall, 
approxlmaitely 12 months for satisfying these logistics demQnds, Intra-site require- 
ments (for the some total masses) must be effected over o nine-month period. 
Approximately 390 truck trips/d 0 y must be handHed 0 t the site* In terms of vehicle 
flow on a good highway, tlnis Is a relatively modest demeind, but ot the site, 
opproxlmateiy 40 unioading docks will be required to handle the traffic* Unit 
trains of 100 cars moy be cost-effective In a supplementoiry role, but the domiinate 
masses must be hondfed by trucks if the schedule Is to be maintained* Although 
the daily intr 0 -^site mass flow demands are higher, they are more easily handded 
In as much os a truck at the site can moke a number of short trips per shift. 

Estimates have been made for the numiber of trucks and construction equipments 
required at the site* 
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Assembly of reei-enno ponel'S represents t'he maij:or construetion time eha'llenge. 
The lorge numbers, i^e., 436,805, diiGtote the need for on assembly and erection 
concept, Fundomen'toilly, the eoncep't is o mobil'e ossembly jig whiich, after 
havi-ng completed its shore of the eonstruetion operoitions, con be disossembled 
and tronsported to <3 diifferen't pectenno site. This portieuiar assembly [ig con 
be loaded to contain ^0 ”sets" of rectenno panel elements. Fach set contaims 
rectenno pone Is, 24 hat sections and fouT l-^beams with oftached tube braces. 

Since eoch set weighs 2200 kg (4800 lbs), the 10 sets con be delivere d to the 
jig on a single fiat-bed truck trip. After the truck crone lifts off a completed 
rectenna panel from their l.oaded I'oeatiions at the side 0 nd end of the jig, the 
hat sections end I-beam tube braces ore conveyed into place. "Stops*' are used 
to ensure exact positioning and ailignment. A mQnned tr 0 ek -mounted crane unit 
then passes over the jig securiing the hat sections to the I'-beoms ond laying 
down the 0dhesive for the rectenno panels* The time consumed for these operations 
is estimated to take 21 minutes* Next the rectenna panel crane moves longirud*" 
maily across the jig placing each of the 20 0*74 meter wide p 0 nel's on t© the 
eompieted structu-roil frame. A geared ecGentric roller on this erone provides the 
pressure to secure the Feetenno panels t© the frame, Wiri'ng harnesses a^e then 
iinst 0 ill’ed a-nd th^ hoist siling attached from the truck crane For removgi of the com- 
pleted unit. Ten array panels could be asserribl-ed m one eighMiGur shift, but 
the num'ber of reg, wired 0 ssembly jigs i.s based on one assembly per hour, 

Insta'H.aition of the completed panel on concrete piers is estiimated to take obout 
20 minutes* One truck crane and rnsta'Ilalion crew should be able to work with 
two assembly jigs ot 0 time. 

The overa'll rectenna construction time period i's estimated to be from 10 to 
12 months, excluding site prepar0tion. See Tables B-43 through B-46- 
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CTF'Uw (iGLRiHi 

/ E )X ('{#PH X Z1 + , 

5) XX (E) 

-O.SXX It) )' 




0,0 


e IP'S- ( ( CiL PIM/E ) X i < #'R'M X Z 3 + 0 . 5 ) X X ( E ) -^0' . 5 X X (E ) ) ) / Z? 

e»ei » eiPS x n 

E'OiLM a. 0A'M. ........ 

G.0WMg'N'TS 17 9' 
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04-04^00 SATELLITE CONTROL CER's 

This element includes t^he hordware wIM be used to monitor ond 
control the soteilite from the ground. 

The fo'llowing monitor and Gomtrol functions are performed: 

1. Tracking, using ground'^based radons to monitoF the orbitail stab'iliity 
of the soiteliite. 

2. Beam Momi toning and Gontroil, using ground equipment for adopitive 
or command Gontroil of the sotel'lite microwave beam. 

3. Dat 0 Managiement^ using equipment required to onailyze sliginoils and 
data from the sateilite end ground-based systems to compute control 
signals and eorreetive doto to maiimitaiin safe and optimum performance. 

4. Communications, using equipment required to maintain eommunicaitions 
between the ground station and the S'PS sate'Mite, Included ore the 
Gommunications with the spoce station crew, and teiemetry and command 
equipment not imeliuded in the beam monitoring and controil ossembly 

Currently, only limited effort has been expended in conducting 0 detailed 
Qnailysis to determine the teehni€ 0 il and performance requirements for the sete'llite 
Gontro'l subsystem. As 0 result, a det 0 iled cost 0 n 0 iiysis h 0 S not been performed. 
Discussions indicate that a rougih order of maginitude estimate for both D'DT&E 
and ICI hardware costs are as shown in table S-47* 




SO 7&“A'P-Q023-7 


SD 78-AP-OO23-7 



TABLE B-A7. 04-0 4-0 U GSS-SATt LLI Tl GONTNOL 

5'QW PHiQT O' VOLTAIC G.R«2 



INPUT 

PARAMETERS 


. . . 

J •0.00 00 G 

TF* 

l.eOOQGfl 

M« 

1 .OOO'OOG 

O'JiMa 

0,0 

CF« 

i , 00000 0 

Zl* 

1.000000 

P«I« 

0,9'SOOOO 

Z2~ 

120,000000 

R« 

0,01' 00 0 0 

Z3 = 

1 2 0 . (!) 0 0 0 0 0 

■DF* 

1 , O'O 0 0 0 0 




CAlCtJ-tATED VALliCS 


€0®GDG£R X (T X DfJXXtGOEXP) X GF 
CLR'M-GIG'ER X (M) XX CCIEXiP) X GF X TF 
#RH nT / M 

E *i,0 * LOecPHI) / L0'S(2.CI) 

GTFG*<GLW / UXH4IRW X ^1 + ,5)XX(E) -0,&XX(fc.)) 


GiPS«nGLR'H/E)x( 14'R'M x 
GR GI ■ C l P S X k 
GQiAiM ■ 0'iM 
GDHH.ENTS 42 



IMPUT GOCFFIGItraS 


GJ3:G£J«ls. .. 1Q,QO£HLOJ] 

GD€XPs l.euMOfJO 

cictPs bo.oonoGO 

CiEXPs J.QOUOOO 


ILL IONS 
1 (3 , 0 0 0 
S'O , ('1 0 
1,000 
0.971 

5 0 , 0'6'R 



Roekweli International 


Rockwell International 

Space Dfvrsjon 


04-05-00 UTiiLITY INTERFACE CER's 


This element i'neludes the power eonversion equipment that receives energy 
from the rect^enno ond conditions it for input into the electrieol power transmission 
network. The utility Interface Gonverts the output from the ground rectenno to 
high vO'ltoge power for Introductiop into the )T 0 tlonail power grid. 

The CE'R's for D'DT&E ond the 1C I for the utility interface were derived 
From the cost estimates In the "TeGhniiGal Study Report on Pacific Northwest - 
Southwest Second DC Intertie, "prepared by the Bonnevllie Power Administration 
in February 1976. These estiimates are bosed upon six cost estimates whidh 
Bonneville Power Admlnlst ration received ©.no 1.44 GW and 0 2.20 GW intertie. 
The total cost for the 1.44 GW termlnail ($156.7M) was o'l located 0 s 30% D’DT&E 
and 70% ICl. This jiudgment W 0 s based on the assumption that most of the facility 
will be a standard design, see table B-48, 

Ronge of Data 

DDT&E and ICl: 1.44 and 2,2 gigawatt; 


B-1 UO 


SD 7S"A'P-0023-7 


SB 78 -AP-OQ 23-7 


TAiBlE. B-48. .G4-0S-'OB G'S S-U'T 1 1 1 T Y J iJTER#‘AGfc' 

5G« ‘Pn©t0V0:ltaic e««a 


INWT 'Pa«AMiET€WS 


I WUT eQEFFIGl'Ern S 


tJ3 

T 


T» . ... 

5,,-0lOQi3 0 

TF* 

l.Q'OOOiiOQ . 

CJj,CitP- . 

. .37.74AS9'6._ 


3*01' 0000 


O.G 

cuF xr* 

(1, bO'4 0 00 

CF« 

i.OO&O'OO 

ZI* 

1,00 GO GO 

CiCfP* 

75,367906 

ipW'-Ie 

t» . 9e'0'O O G 

Z2* 

12O,M0O<0G 

EIEX.P= 

0 . B H'b'Gl 0 0 

■R'» 

B , '01 O'G O G 

Z3* 

12W.00OGO0 



0F* 

1 • G’O 0 O'G 0 





GAiL.etiLATE0 

V A, LUES 




1 1 

CiD«Clt;GEiP X ( T X 

&F)AX(eG'£xP) 

X EF 



9,9. 

C:L PHwC I GER X (H) XJ^ (GIEXP) X 

GF X TF 



331 

«T / M 





1 • 0 0 G 

E *1.0 ♦ L0'6('PWI) / GO'S (2, 

0) 



G.971 

eTfU«(CL'RiH / nXtMRM X Zl*. 

5)XX(E) -0,!:. 

XX (t H 


332 

C I P'S* {(CL PM,/f ) X { ( # m X Z 3 

* 0.5)XX(‘E) 

-0,5XX ft) ) 

) / Z2 

297 

GiPGJ ■ El P'S 

X P 




2 

.CiQ'&M B 0'k'M 




. - 

G, 

GOWWCNT'S 

43 






»~f 

C? K? 

f S 

^ tel 


RlQck'Well Intemational 

Space Division 
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Space Division 


04-06-00 SITE ANID FAClilTIIES CER's 

This element indiudes tihe sUe and FaciliHes costs for the g.round station 
system whii oh includes the rectenn 0 , utility iinterf 0 ce, and sate'Ilite control 
subsystems. Included ore costs of the land, site preparation, roads, fences, 
utilities, buiildings, and maintenance ecjuiipment reqiuired to house and support 
the other ground station subsystems, see tables B-49 through B“53 * 

The site iis located at approx irnately 34® N. Ii 0 titude and measures 13.0 
Km by I'O.O Km, with the long axis oriented north and south 


6-102 


SD 78-AP-OO23-/ 


SD 78-AP--0023-7 


TA0L£ B-kS. Q4-0'6-01 (jSS-LAN.p AW' P«£PAHATIUH 

5S'W PH0TOVQIL TAIE 



INPUT PA'RA'Mt FER'S 



I(,PUT 

CoEFFICIEilTS 


. . Ts . 

aisiis.iSQSit 

TF» 

, .. liOflOOOQ. 


,CD.G£K= 

oai 


Mw 

3'51l5.0flOO 

O'LW* 

0.0 


CuF.XPx 

1,000000 


Gf* 

1 *§00^000 

Zi» 

1,000000 


r.icEPs 

0 , Of) JOUR 


PHI" 

UWOOOOO 

Z?« 

1 a 0 . c u 0 0 0 u 


ClEXps 

1.OQ0OCIO 


Rs 

Q.o 

Z3 = 

120.000000 





QF« 

1*000000 







CAiLOULATED VALUES 





s , 

■^tL LIONS 

GD»'GPG:eR X 

(T X O'F ) XX (G'DEXP) 

X CF 




0 

.0 

eLR'HwGICER 

X (H)XX(CIEXP) X 

CF X TF 




10b 

,345 

«T / H 






1,000 


E »l.O ♦ 

L0<5(PHI) / L0'G(2, 

0) 




1.000 


CTF'U*(GLR'M 

/ R)X{(#R'M X Z1+, 

5) XX IE) -0 

. 5.x X (iE ) i 



105 

, J4 5 


CIP'S«( (C;LR'H/E)Xt (i'R'M X Z3 ♦ f),5)XX(E) -O.SXXH-:)) ) / Id 

GRCI * C l P'S X rt 

s ... 

GOHME'NTS A A 


1 P)b,.U5 
fl , 0 
0 . C! 



(B 

3 

Q} 


O 

3 

Q) 


Rockwell In 


'£tOo-dv-8/- as 


TABLE 8-50. G«*-06-(i)2 liSS-ROAfS AMO FEf<Cfc.S 

53W PHOTOVOi TAir; GR*2 

I NiPU r P^RAMt TtPS 


T» 

\ .000000 

7P = 

1 . G 0 0 0 a 0 

H* 

i , 0 0 0 0 0 0 

OLh = 

0.0 

CF» 

1 .OO0GDO 

Zl = 

1 .000000 

PHI* 

1 .,0000 00 

Z2» 

120 , GCOOOfl 

R* 

0.0 

Z3* 

1 2 0 , 0 0 i 'i 0 u 0 

Of* 

1.000000 



calculated values 



CD»CUCEP X 

(T X DflXX(GDEXP) 

X CF 


C.LR'H«GIGEP 

X (M)XXfCIEXPJ X 

cr X TF 


#»'RH *T / M 




E =1.0* 

LOG(P'HI ) / LOG (2. 

0) 


CTfU® (CLRM 

/ E)X (<#WH X Zl*. 

5 ) X X ( £ ) - n , X f f. n 

CIPS* nCLRM/'E)X n»R'H X Z3 

+ 0 . 5 ) X X ( E ) 

-0.5XX CE ) ) 

CR'GI * 

eips X R 




CO'thH « Q'^H 


GOMH'ENTS 


45 



I'iPUT CG'EFP ICIENTS 

QDG E>: s [; * ij 

CDFXps l.OtlOOOO 

CICEPs h, 900000 

CltXF= 1.000000 


S»*^lLL 10‘JS 
0.0 
B , 40n 

1 ,000 

I . 000 

R , 9 0 0 

J / Z? H,9fjn 

0,('l 

0,0 



Roekweli International 


Z-f300^d'V-§£ as 


TA'S'LE B-5T. OA-O'b-03 (SbS-UT U I T U.S 

5'Q% PHiOTQV'OtTAie GW* 2 


■INIPUT PARAMieUR'S 


. - T« 

1^000000 

TF* 

1.000000' 

MB 

KO-GOOOG 

0:S>Ki* 

0.0 

c#« 

1,001 O' O'GG 

Zl* 

i,0O’O'O00 

■PHI* 

1,000000 

Z2» 

120.010 O0O0 

Rib 

0 • 0 

Z3* 

120.000000 

Of* 

1,000000 



GAiLCULATiEO V allies 



GiDbCOGiEiR X 

( T X :0f >XX(Gf)fXP) 

X OF 


etR«*cie&R 

X (MIXX {Ci'EXiP) X { 

Zf X TF 



OT 

O «T / H 

vn 

e *i.0 ♦ LQ:StP«l ) / LOG (2.0) 

GTFU»{GiLRM / E)X(((*'WH X Zl+,b)XX(E) -y.BxXtD) 


C I P S * { { e L R'H / E ) X ( ( * R'M' X 
■GR'GI ■ CiP'S X W 
. B S4H 



Z3 ♦ Q.5)XX(E) -0.5XX(t)) 


C©‘MH€NTS 



K..PUT GOChFIGIEMTS 

COCEW 
CO'LXP 
CiCEH 
eiExp 


0.0 

1 . 0 0 0 u 0 0 
3J1 .3')'9902 
1 , w 0 n 0 fi 0 


^ »'^ILL I O'N'S 

0,0 

331 .400 
1,000 
1,000 

331.400 


) / /.2 



0.0 

fl -,0 



Rockwell international 


as 



TAiBie B“'52. G4»0i6-O'^ GSS-fcjiUTiL D I NKiS 

5« ■PMf0T0'V0,LTAlC 

IWT 'PAi«AH;ET£W’S 


. . T» 

12O'Q'Q0.'B'e0= 

Tfs 

I. 00 00 0 O' 


iao0'O0.0'0'O 

Oi&iF' » 

0 . 0- 

GF* 

l.B'O Q0 0O 

Zlx 

i . 0 Q'O (1 0 0 

P#Ja 

l.O'OOOOG 

Z2« 

J20.OQ00G0 

P« 

O.W 

Z3« 

J 2 0.6 00 000 

O'Fb 

I'.OO'OOOO 




GAieULAfO) VAiUfS 


OD«C.Q€£:R X ( T X O'F) XAi.C0£XP)' X ClF 
OtRM^iCIGiE'R X ■(W)'XX('CI'fX'P) X C.|^ X TF 

05 

~ #RM «T / M' 

cr. 

€ *l.e ♦ LQ.6(P«i) / i©G(2,l}) 

CTpU»(€:iWH' / €)X.{.f#«« X Zl4,5) XXlEV -O.SXX {'£) )■ 



€0MWfN'TS 


47 



IMPUT eO'EFF IGIEMTS 

G s D_^ 0 

cyfXipB i'.ooGOon 

eiGE'f's w,GGno<*o 

CitXP* i,G'UW0OW 


ions 

0.0 
i4 . 8'(J 0 

1 . 0'O 0 
l.Q'OO 

4 , BiM 0 



Rockwell Internatiomal 


as 


T.Ai8'L€ 8-53. GSS-f^AJNTEMAW'eE E0»^T 

5'&W PW®T0'V0ili.TAK G««.2 


INPUT Pa.KaM:I.T£W‘S 


IhPUT C© EFFICIENTS 


CO 

1 

o 


, 1 % 

I,. 00 0.00# 

T.f » 

i.OQO'OOOi 

C.i3iL'E R ^ 

B.0 ... . - 


I , O'OO'O'OO 

O'EFa 

O'.o 

CDiEXPs 

I , OOOOMO 

ef» 

i.O'OOOOO 

Z'ls 

1,0O#0G'O 

cieKRs 

4 , 0.0 00 W 0 

PHI« 

i,GOO'G'0O' 

Z2* 

1 20, 0 0 0# G O 

Ci€XF = 

l! , Q 0-U 000 

fit* 

0.0 

Z3* 

12'0,0'GOQ## 



&:F« 

1 , O'QG'OOO 





caieweate® values 




F,MRL10.N'5 

C'0vDD>CEP X 

IT X D)F) XXieUiEXiP) 

X eiF 



O.l!) 

CLRiH«ClCEP 

X (M) XX (e I EXP) X 

€|r X T F 



4,000 

»RH sT / M 





1 , 0 n 0 

lE ^ i . 0 ♦ 

i0;6<PHI) / LOG (2. 

6) 



1.G0O 


GTiFU»(eL'RiH / iE)Xn#»M X Zil!* ,.& ) XX ( E ) -O.SXXCf)) 


<t , 0 G 0 


CrPS*(ICtffM/'E)X(. 1W»H X Z3 ♦ 0,5) XX (E) -0.5XX('t )) 
G«G 3 ' « CIP'S X .R- 

. Q'm 

■©OiHWlE'f'JTS 44 


) / z? 



4,ai'io 


0, P 



0^.a. 


Rockwell International 

Space DfvisiofT 


Rockwell International 

Space Division 




04-07-00 GROUNiD STATION SYSTEM OPERATIONS CE'R's 

This elemenl Inc Wes tihe cost of plonntng,, development, and conductilng 
o'll operations associated with the ground station system activities* Included 
are cost of the personnel req-uired for S 0 te'll'ite system support ond for operation 
and maintenance of the rectenna, satellites control subsystem, utility iinterface, 
and site and facilities* These CER's also include the expendable maintenance 
suppilies required to aecornpiltsh these activities, see tables B--54 and B-" 55 . 


B-IQB 


EG) 7§-AP-0023-7 


Z-ezoG-dV-fiZ as 



TABlLt &~5k. 04- 

07-01 QSS- 

0 P€ RATI O'N'S t f>4'D 'A A 1 N 1 , 

Pf RSOhNiFL. 



5&'W P'H'OTOVOiTAK. £.«■*, id 





INIPUT PAPAMifTCR'S 


1 hi PUT 

coefficients 

T'« 

1.0<O>DQOQ 

TFr 

l.DOOO'bO 

CD€EP= 

D,0 - 

M« 

1 . 0'O'O'Q'O 

Qi&M* 

o.Haaoo 

CDtXr - 

1 .000 0 00 

■C F ■ 

1 .OO'O 0 00 

Zl* 

1,000000 

CiCtP= 

0 . 0 

PHI- 

1« U'0 0‘0'00 

Z2 = 

1 . 000000 

ClLXPs 

1,000000 

K» 

0,0 

Z3'« 

1,000000 



b;f» 

1 , 00 0 000 





GAiLCyiATEO V ft L'U'ES 




% JXH.L IONS 

G©*'ei§CEH 

X (T X D'F)XX {GpiEXP.) 

X GF 



0 , u 

GLPH'»eiGC'R X I H)XX(G*E.XP > X 

CF X TF 



C» , 0 

#iRiM »T / 

M 




1,000 

E ■ 1 . 0 

♦ LOG {PHD / t&'G(2. 

0) 



l.UOO 

CTFU* (GiP'H / E) X( (#R'M' x Z !♦ , 

5)XX(E) -0 

, 5XX ■( 1- ) ) 




elPS» MCiLftM/EIX ( (#'RM X Z3 * 0.£>')XX(E) -0.5XXI1) ) ) / I? 

CRei ■ GIP'S X R 

GGHfCN'TS 4<i 


P.n 
fl . (1 

e*iu 



rt- 

0 ) 

rr 

3 

03 


d: 

o 

to 


Rockwell 


TABtfe B'-55. 04*'07-'Ci2 BSS»HAI'NT1UANCL WAT EH I At 

5SiW 'PH'OI0V‘OltTAJC 


'INPyT PAiBA'MItTf'HS IKHUT COf F-Fiei'kNTS 


T« 

'1 .00 0:000 

TF* 

i .UO'OOOO 

CDiCiEHs 

u.o 


1,0 00000 

Q'&iW » 

0>. lOOOOO 

e.DEXHs 

1 . 0 0 0 0 W 0 

■Gf« 

I,. 0 0 OO'OG 

Zi» 

i ,.00 0 0 00 

CiCEHs 

0.0 

PHI« 

1 , O'O 0'0'G 0 

Z2* 

1,000000 

CltXHs 

1,000000 

H» 

0„0100.00' 

Z3* ' 

1.0000 00 



0:fa 

1 , 0 0 0-0 Cl'O' 






CAiCUtATED VALUES 
CD*GDCEH X ( T X Df ) XX (CPEXiP ) X 0F 
CL'RiM»G lG€R X { H) X X ( e liE XiP I X G'F X T F 

03 

^ #'R‘M «T / M 

o 

E «i*0 ♦ 'LOGCWD / tQG(2*0) 

CTF'U«(CLR^H / E)X'({#R# X Zit , 5) XX ( E )' •o,sxxan 


.-4 


o 

■ ri 






^fMlLLXONS 


0,0 

D,l'i 

1 • 0 0 G 
U00G 

0,0 


e/) 

® 'eiPS»'( {et'W/£)X( X Z3 + 0.5)XX<E3 -0,5,XX(E)) 

GO 

4 G RiCI B GI PS X H 

I' 

o C 04 M ■ QifcM 

VjJ 

O01MMENTS 50 


) / Z2 


0.0 

rj. n 


tuiOD 



0 ) 

a 

o 

3 

CD 


Rockwell 


Rockwell International 

Space Division 


05-01-00 LEO S.PACE BASE CER's 

This eiement rneliudes f^he space faeniMes located im low earth orbit (LEO)* 
The LEO base personnel provide supervisory 0 Gtrvlti:es for transfer of up and down 
payloads between the H'LLV and the OTV's, They also perform the scheduled 
maiinlenanee required by the electrlG propuilslor OtV, such 05 changeout of ion 
thruster screens, included are 0 crew habitability module, on operations control 
0 nd stogiiing module, a crew support module with air lock and EVA preparation 
area and a lOOkw soiar 0rray power modiule. Excluded are facilities and 
equipment that are unique to the assembily of the sateiHite, These facilities 
and equiipmen't are inciiuded im the assembly omd support equiiprtient element. 

The CER were bosed upon Rockwell space stotion studies, see tables B-56 
through B-59. 


B'l 11 


SD 7§-AP-0023-7 


L ~ iZ 00~4\ i -2 L Q % 


5 


TAHLt R-5'6. O5-G1-01 L:E0 - GHW 

5>GW PNiQTOVOiLT'AiG Gfi?-?' 

I NP'UT PaiPAMiF IER'S 


T* . 

27000,0000' 

TF* 

1,0!'G000O 

Mi« 

27 GOO, 00 0 0 

0(&M« 

0.0 

GFb 

i , O QOO'OO 

Zi'» 

1 , 0 0‘0 0 0 0 

piH'Is 

1 , 0 0.0 O.Q O 

Z2 = 

12'0. 0 0-0 0 0.0 

Ra 

OsO'S'OOOO 

Z3* 

1 , O'O'O O'O'O 

QiF« 

1 , O'O'OCt'Q'O 



CA'LOULATiED values 



e:D«ClDOE:R X 

(T X 'DiF) XX tC(PiEXP) 

X G'F 


CLR'f^*GI€ER 

X (M>XX(GIEXP) X 

GIF X TF 


«|R# »T / H 




€ »1.'0 ♦ 

l,0;G{P'NI) / U>6(2, 

0) 


GTFU'* (’GiLP'M 

/ E)X{{#W X Zl*, 

b )■ XX t 'E ». 

-0.&XX ft ) 1 


G I P'S * < { G.Li»M/iE ) * ( ( X Z 3 * 0 . & ) X X ( t' ) -O' , b X X ( f. ) ) 
CRCI ■ CI'P'S X H 
&0.&M ft !3&M' 


COMMENTS ISi 


rt-P'UT CO;EFfrieiENTS 



GjiGEPs 0»QQ971A 

GD'EXiFa 1,000000 

GlGEPa 0,0ui?70 

ClEXips I , 0 00 0 00 


UI 0 N 5 
26.2. 27B 
IO ' 1 ,7'^0 
1,000 
1,000 

ioi . ?90 


) / Z2 




Rockwell Internationai 


oo-dv-<?/ as 


TABI.£ B“57- 05-01-02 LEO 

5G« PHOTOVOLTAIC CR=2 


CS.-'/Ei^A 


iv^PUT PAPaMLIEPS 


T» 

27000,0000 

TF* 

1,000000 

Mit 

27000,0000 

0«.Ka 

0 , 0 

CF» 

U GOOO0C 

Zla 

1,000000 

PHii« 

1 , UQCOOO 

Z2* 

120,000000 

Ra 

0, i. jOOOO 

Z3« 

1 . 0 0 0 0 -J G 

OF a 

1,000000 




calculated values 


CDaCOCEP X (T X onxX(CLExP) X CF 


CLRH'*C1GEP X (H)XX(CIEXP) X CF X TF 


ARM *T / H 


E *i.O ♦ LOG(PHl) / L00(2,0) 

CTFLI»(CLPM / E)X((«RM X Z1^,5)XX(E) -C,5xx(E)) 


CIPS»UCLPM/E)X( {»PH X Z3 ♦ 0,5)XX(E) -0.5XX(t>) 


CRCI ■ CIPS X R 


GJD6.H a- Ol»M 

V^J 

I 


COrtHENTS 152 


I'..PUT COEFf- ICUNTS 


COC£R= 0*0 1-2402 

cuFxr= i.coooon 

CJCLI's n.COSl'iH 

ciExpa ucuoono 


% » M I L L ] r ^ s 
335.faft4 
15&.54f. 

1 .oon 

1.000 

1 5fi>, 546 

) / Z2 l.3(-5 

0,065 

o.a 




Rockwell international 


SD 78 -AP-OO 23 - 


TAatE 6-58. 05-0i-0i LtO - COM 

5iG». photovoltaic: = z 

INPUT PAPAMfT£WS 


T» 

270QU.UDDO 

TFr 

1 , 0 0 u: j 0 

Ma 

27000.0000 

Ofjto* 

0 , U 

CF« 

1,000000 

Zl« 

1 . C' 0 C 0 0 0 

PMI« 

1,000000 

Z2* 

izo.oooouo 

R« 

0,050000 

Z3» 

1 .000000 

DF* 

1,000000 



calculated values 



CDaCOCEP X 

(T X Dp)XX(CDEXP) 

X LF 


CLRMaCICEP 

X (M)XX(CIEXP) X 

CF X TF 


#RM «T / M 




E «I.O ♦ 

LOe(PHI) / L0G(2. 

0) 


CTFU-CGLRM 

/ E)XC <#RM X Z1+. 

5) XX ( E > 

-G . 5XX (L ) ) 


eiPS*t (CLPM/£)X( X Z3 ♦ 0.5JXXCE.) -OiaXXtt)) 

CRCI ■ CIPS X P 
CJ3fc>1 e. DiM . 


COMMENTS 


153 


P.PUT COPf-f- IClhMlS 



1 


Rockwell International 


SD 78-AP-OU23-7 


TABte 8-59. Q5-0 1-04 1.F0 - PH 

53'W PHOTOVOLTAIC 

INPUT PAPAMitTEWS 


T« 

10O.QOQO00 

TF» 

1. OOQOOO 

M» 

iOO.OODOOO 

ULHs 

0,0 

Cf« 

3 , 000000 

21* 

1.000000 

P'HI» 

UOQQOOO 

Z2* 

120,000000 

Rb 

0.050000 

23* 

1,000000 

II 

iL. 

o 

O.EOOOGO 



calculated values 



GDbCOCER X 

(T X DF)XX(C0€XP) 

X Cf 


CLR'Hb'CICEP 

X (M)XXfClEXP) X 

Cf X TF 


4PM »T / M 




E • i . 0 + 

USS(PHI) / LGG(2, 

0) 


CTFU*(CLR'H 

/ E ) X ( ( 4 PM X Z 1 ♦ , 

5)XX(E) -C 

).5XX (L) ) 


GIPS»( (GLRH/E)X( (»iR'H X Z3 + 0.&)XX{t) -0,5XX{t. )) 

ewci e CIPS X P 
. , eO'iW 9 QiM . 


COMMENTS 154 


IHPUT COEFFIL1E.MTS 


CKC'EK 5 1 • 9X) a (J 0 Q 

CuLXP* l.UOOuCiO 

ClCEPs l.^Z&OGO 

ciEXP« i.oaouno 


) / 12 



U. MILLIONS 
38.000 
142.800 
i , 000 
1 .000 

3 42,5on 



Rockwell Icternationai 


Rockwell International 

Space Division 


QiJ-02-00 G.EO SPACE BASE GER's 


This element in-el udes the GEO Gonstruction base a.nd the space base on- 
board the satellite for o.perations and ina i ntenance* The GEO construction base 
serves as the headquarters for operations and activities necessary to construct 
items such as the satellite, microwave antenna, and cargo orbital transfer 
vehicle* The physical elements of the G.EO base are pressurized modules with 
various internal conf i g.urat i ons to provide specific required functions. All 
modules are of the same diameter aind most are of the same length, their 
dimensions a-nd mass being In compliance with s.pace t ra'ns.portat ion systems 
constraints. The modules are located on the G.EO fabrication fixture along 
v^iith Space Assembly and Support Equipment to build the satellite. The space 
assembly and support eq.ulpment req,u 1 rements are included In WBS Element 
QG-00-00. 

The G-EO construction base consists of various modules as identified in 
the following tabulation: 


aUANTlTY 


WBS 

n_ 

ACRONYH 

D'ESGRIPTIOM 

GEO CONSTR/ 

base 

SATELLITE 
O&M BASE 

05-02-01 

ADM 

AIRLOCK DOCKING MOOUIE 

36 

4 ea 

05-02-02 

GWM 

GREW HABITABILITY MODULE 

28 

1 ea 

05^02-03 

GLM 

GONSUMA'BLES LOGISTICS MOD 

lit 

1 ea 

05-02-0t» 

COM 

BASiE HANAGEM'ENT MODULE 


1 ea 

05^02-05 

GSM/ EVA 

CREW SU'PPO'RT MODULE/EVA 


1 ea 

05-02-0b 

PM 

POWER MODULE 

k 


05-02^07 

PSM 

PRESSURIZED STO'RAGI MODULE 

k 

2 ea 

05^02-0b 

SDM 

SHIELDING 

12 


0:> -02-09 

SM 

GREW SUPPORT MODULE 

k 


05-02-10 

FAB-FIX 

FAB FIXTURE 

1 



The Airlock Docking Module (ADM) is used to join the other base modules to 
provide docking accommodat j ons for other elements such as crew transport 
modules, consumables logistics modiules (GLM) a'nd intra-base logistics vehicles, 
aind for trainsfer of personnel a'nd equipment between different pressure anviron" 
merits. The Grew Ma'bi tab i 1 i ty Module (GHM) provides stateroom and personal 
hygiene facilities, ard support systems for 2k to 30 crew members- The Base 
Management Module (GOM/OC&SM) house the operational coinmun i ca 1 1 on s a'nd control 
systems for the base. Pov^er Modules (PM) are photovoltaic power systems 
(collectors, converters, conditioners aind storage) which support all base 
power reqiu i reme-nt s . Pressurized Suorage Modules (PSM) provide an area for 
storage and workshop accommodat i ons . Shielding (SHD) is provided in selected 
modules to protect against solar flare radiation* The Grew Su-pport Hod'ule (SM) 
provides the galley, recreational and medical facilities and support subsystems 
for ^8 to (dO crew members. 


B-1 16 


SD 78-AP-0023-7 


Ffoekweli International 

SpaceDivision 


The sateHite ©perations and maintenance base consists of six modules 
that include the ADM, CHM, GLM, COM and PSM. The combination crew support 
and EVA module (CSM/EVA) has the same internal function as for the construc- 
tion base SH but occupies only half of the module. The other half is an 
integrated multi-crew member EVA preparation area a-nd airlock station. The 
satellite COM Incorporates a health monitoring and fa-ult isolation caipability 
for the SPS satellite subsystems as well as the controls required for altern- 
ate operational modes and functional isolation of selected subsystems elements 
for maintenance. 

The GER‘s were based upon Rockwell Space Station studies. See Tables 8-60 
through B-69. 


B-117 


SD 78-AP-OO23-7 


l-CzQo-d^f-U as 


TABLE B-60. 0B-'02-Ol G€0 - Am 

SiGW P'HKDf O'V'011! TAiC Giit=,2 


i SilPt' T P A'PAiHlE TEPS 



_ 21Q0i,0'GiD'Q4 

T'F*; 

1 .O-0OO0O 


25.DO.OOOOO' 


0*0 

Gf« 

iK.0 3'O.G'00 

Zl* 

40.O0'ii»O0'f> 

P'HIp 

0*9i8iO O'O'O' 

22- 

11 2'0, 0 0.00 0 0 

R* 

O.tOO'O'OO 

23» 

5K* 000000 

©F» 

1., O O'O'O fl'O' 




eAteULATEiD VALUES 


CD«G0.CER X <T X ©IF) XXOGDEXPJ X GF 
e.L«'H»GlGiER X CM) XXICl EXiP) X CF X TF 

B? 

^ ##H »T / 'H' 

GO 

E ■1'.# 4 iL©G(P«i) / .L0&(2,'O) 

CTF'U*(GtW / E) X CiC*WW' X 21+ ,S) XX Cf.) -S.SXX Ct )) 


GIPS*( (Ci,PW/E)X( X 23 ♦ 0.5) XX ('M -O.SXXCfJ ) 

CR'GI ■ G iP'S X R 


M. 01^ 


G©M'H'E'NTS 15S 




Roekwelf International 


SD 73 -AP -0023 -7 


TAiBtE B-61'. •0'&-G2-O^ (5it 0 - GhM 

5Glk PHiOTO'VOLTAK 


CC 





INIP'UT PaRAF'L'IEh'S 


If/iPUT 

CU€f FlCIt.PT S 

T« 

E70OO.QO00 

TF» 

1.000001/ 

LDC'LM* 

0. 0097 14 

M* 

27000# 0000 

O'Lha 

0.0 

CJiXP* 

1 . u n noon 

GF* 

1,00 0000' 

ZU 

2'9 .000000 

ClGiEPs 

0 . 0 0 .1 7 7 0 

P'HJ« 

O.9500GO 

22* 

120.000000 

ciLxr = 

1 . 0 u 0 0 0 0 

Rw 

O,O'5OO0O 

Z3'* 

148.000000 



Df* 

i, 000000 





GAL cut A TED VALUES 




i TL LIONS 

eiD«>GlQiGER X 

IT X Df)XX(CDEXP) 

X GF 



252.270 

clrh»cicer 

X (M)XX(CIEXP) X 

CK X TF 



10 1 .790 

#|R'H «T / M 





1,00 0 

E *1.G ♦ 

L0GIPHI) / L0'(3{2, 

0) 



0.925 

CTFU* { CLRM 

/ E ) Xn#'R'M X 21*, 

5 ) XX ( E ) -0,5 

XX ( t ) ) 


2 a 55 . 4 B 7 

C I P S» •( ( C.L'P'H/E ) X ( ( »R'M X z 3 

♦ 0.5)XX(t) 

-0.5XX CE) 1 

) X 22 

93,475 


G.RG1 « Cl PS X R 
GQIrM fe D'bH 
CO'HHENTS 15'6 


4,fe74 

0,0 


<T> 

s 


5' 

3 


■2 'o 

^ S? 

.’xf R 

8 ? 




Rockwell International 


SD 78-AP-0023-7 


TAiBLiE '6-62. Oi&-'0.2-C)3' - 'C,LMi 

56# PW&T 0 'V'®l'.TAir. erf«.2 

i'NPWT PAR.AM'F.'rEiH.'S 


Xm 

56'0O-.Oi(i'OO'a 

Tra . 

1 , ti'a-ii) 00O' 

'«* 

■5'O'O'O'.G'00'f)O 


'O'. O' 

CF» 

1 . 0'O O O'O'O 

21* 

is.oO'O'O'O'O 

iP»Ia 

OfS'SO'OO'O 

22* 

i 2'0 . D'0'0'0 O'O 

Ra 

G, 05'O'G'O 0 

Z3« 

13iA,'(')0O-O'(iHil' 

®1F« 

i , G'0'0 0'0'Q 




GA'LCWLAIiiE'O VALUES 
G©*€®€EiR X IT X DiFfX.XICUEXP)' X GF 
GLRIH«'CIC,E'R X ('H) XX {GIEXIP )' X Cf X TF 
/ M 

€ »a .O ♦ L OG I PHI 1) / l o g ( 2. 0}' 

CTFU*(GLRM / EIX((*R« X Z1*,S}XX(E) -W,SXX(EH 
■eiPS'»l (G.LiR'Hi/E)'X'{ (#PM X Z3 + 0',5)XX (t) -CJ . SXX'fE ) I 

eiRci « ei p s X p 

e®A«- a. QifcH' - 


GWMiEiNiTS 157 



IiNP'UT 'CoEI'H ICItMTS 

CO'GE'P* - 

(UCXPa 1',Q<')0O(I0 

C'lCEF s O.Ol'KgOO 

e I EX Pa 1,0000-ng 


MILL IONS 
Z'E>5,O'fl0 
7 (i) , 0 0 P 
KO'OO 
0.9a6 

916.H?2 


} / iZ 



2,^31 

-a-,,0 



Rockwell International 


SD 78-AP-0023-7 


Table B- 63 . 05 - 02 - 0 a glo - com 

50« PH'OTOVOL TAIC CP=2 

IMP'UT PaPAMiETEW'S 


T» 

27000.0000 

TM 

i.O000QG 


270G0. 0000 


0.0 

GlF« 

1 .000 000 

Zls 

5,000000 

PHI* 

0.950000 

22= 

120. 000000 

R* 

0 . 05'0 O'O 0 

Z3= 

124,000000 

DF« 

1,000000 



CALGULAT'EO VALUES 



CD»C0GIER X 

IT X Of)XX(GGEXP) 

X Cf 


c;lR'H»gigep 

X (H)XXICIEXP) X 

CF X TF 


*T / 'M 




E *1.0 * 

LO'GIPHU / LO'GIE. 

0) 


CTfU«IGLR'H 

/ EIXIIO'RM X 21* , 

5 ) X X ( E ) -( 

).5XX tU ) 


CIP'S«( (GLR'H/E)X{ tOR'M X Z3 ♦ 0.5) XX (U -0.5XX{E)) 
G#G1 ■ GI P'S X H 
£:Q'\M * O'E'H. 


GQ'MMEMTS 1 5'8 


INPUT COEFFICIENTS 



Rockwell International 

SpaceDivtsion 


SD 78-AP-0023-7 


TABLE B-64. 0'&-'0:2-#S ijt0 

5>m PrtiO'TOWiTAIt; C'Pk2' 


eS'M'-€VA 


I'NPWT PARAMIETE'KS 


T* 

27000, 0000 

T'F* 

1 • 00 0 0‘G 0 

M» 

27i0'0 O', O'O'O'O' 

0t(w.M » 

O' , 0 

GIF* 

1 • 0 00 00 0 

Zl» 

1 • 0 0'0'G 0 0 

P'MXs 

0,9S0'0'00 

Z.2* 

120,0 O’O' 00(D 

R« 

O.O'S'O'G'OO 

Z3» 

12O,0O‘OO0<O 

DlF« 

1,000.0'0'0 




eALDULATEiO V4iLU€S 
C,0«C0C.£R X ( T X 0f ) XX(ElD€XiP)' X CF 


GtR'M*ClElEP X (MIXXIGIEXP). X OF X TF 

r 

M #f?JH Mj / ifili 
Is^ 

E ■i'.O * t 0 G('P'N'i) / iLeGte.W) 

C TF‘U« < Ci'RiH / E ) X ( { «I«'H X Z 1 ♦ , 5 ) X X { E ) - f) . &X X ( E ) ) 


e i P S« ■(■ ( eilR'M /E ) X ( ( XiRw X Z 3 ♦ 0 . 5 ■) X X { £ ) -0 . 5 X X ( E ) ) 


G»ei • 'CiPS X ft 


G©4M B 0AM 


CGWHEiNiTS 1 b'9 


IKmP'UT COiE'FF I CI ENTS 



GaCEP-B 0 * 012^^32 

Cyfxps I.DtiOiyuo 

Cl GEE B 0.0 (.‘5 79 0 

CIEXPs 1,00(1)000 


*» millions 

335, (b 6 A 


?■ 

:'5. 


il 5 h- 54 fe 

1,000 

G,92'6 

157,112 



O.Q 


Rockwell IntematiQnal 
Space Division 


SD 78 -AP-OO 23-7 


T A BILE B- 65 . G5-'02-0'6 G£0 - 

5GiW P'H'OT&V'QLTAIC CH'=2 

input Pa'«AHIETE«S 


I*. 

2'5a,OGO'OGG 

TF* 

I .OI'IOOOO 

H* 

250,000000 


0.0 

CF« 

1, OOQGOO 

Zl» 

4,000000 

PHI* 

O,9'5>0O'0'O 

22* 

120,000000 

R* 

0, O'5'O 0 00 

Z3» 

4.000000 

0iF* 

U 00 00 00 




gA'Lgulated values 

CD®CDCEP X U X 0F)XX<CDEXP) X CF 

^ CiLRMwGieER X (MIXXfGIEXP) X Cf X TF 
1 

M «7 / H 

E «i.G ♦ LOG (PHI) / LOU (2,0) 

CTPU*(CLR'W / E)X((#RM X Z3;*,5)XX(E) -G,5XX(E)) 

CIPS»( (G:LPH/E)X{ (X#M X Z3 ♦ (3,S)XX(E) -0,5XX(E)) 
CP'CI « €IPS X R 
GQ.LH- K- O'&M 


COMMENTS ICO 



IK.PUT COEFFICIENTS 
CQCEK* i,4X)00 0 0^ 

r.oEXf = i.oooofio 

ClCEI’'a 1,100000 

CIEXP* 1,000000 


5. » HILL IONS 
3 S 0 , 0 0 0 
27S. ))t)0 
1 .000 
0 . 9 26 

10 VP. 32 3 


) / Ld 



0.A33 

o.a 



Rockwell International 


SD 78-AP-OO23-7 


TA.B'LE B-66. 05-02-07 GIO - PSK 

S0’W P'HIQTO'V'OLTAIC 



INPUT 

PAPAW'ETEHS 


T ■ 

15<0'a0*Q00Q 

TFa 

1,000000 


1 SiO'O 0 • 0 00 0 

0 

0.0 

CF« 

I. 000000 

Zl» 

6.000000 

Phi* 

0.9SOOOO 

Zg» 

120.000000 

Hm 

0,050000 

Z3* 

244,000000 

Of* 

1,000000 




GALC'ULATEiQ VALUES 


CD«CDiGER X (T X O'nxXCCOEXP) X CF 

aj CLR'M»eic.ER X (H) XX (ClEXp) X Cf X TF 
1 

«HM »T / M 

E -UG ♦ L0G(PHI) / LOG (2,0) 

CTFU»«CLR'H / E)X((AR'M X Z1*,S)XX(E) -G,5xX(D) 

CIP'S«( (CLR'W/€)X( X Z3 ♦ 0.&)XX(E) -0,5XX(U) 

GRCI * CIP'S X P 
GQibM n O'bM 


COMM'ENTS 161 


INPUT COEFFICIENT 5 



Rockwell International 


SD 78-AP-0Q23 


T A BILE B -67- 05 .-0,2-0« .G:E& - &HIB 

5;Gihf 'P«:0T0V'0;tTAl'e ©Rs2 


INPUT PAfcAiHETEKCS 


,T? 

. . ilQ'UO,0'00'0 

TF« 

l.OQQG'00 

lAu 

1 i 00 0 * O O'D 0 


G.0 

CF» 

1 , O'O O'G'0'0 

Zls 

l2,flfl0O'60 

PHI* 

0',9>a(00'0'& 

ZH* 

120.000000 

Ps 

0., OiSiQ.G'O'O 

Z3* 

I2.O'0OQOO 

■DIF« 

0 « 2'O'O'G'O'O 



'gAiLCULATED VAtUES 



Gi0*€;0:GEiR X 

IT X 0iF) XXIE0IEXP3 

X CF 


C;LS'H»iG ICIER 

X (H)XX(ClEXP) X 

CF X TF 


#R'M aT / M 




E *1.0 + 

LDGIPNl) / L0G(2# 

0) 


CTFU* (CIRM 

/ EIX'( {#PM X Zi*. 

5)XX(E) 

-0,bXX (E) ) 


CIPS«((eLPH/€lXt t#R« X Z3 ♦ O.gvxxa^ -0,5XX(E) ) 


owe I s ei P S X p 


CO Ml * O&H - 


r 


COMMENTS 16.2 


INPUT GOEFFiei'ENTS 


CU€ER* O.lS&aOQ- 
CDtxps l.ooooon 
ClXEPs 0.101000 
eiF-XPs 0,3'5SO0O 


S»«1LL10NS 
343,200 
2 , ^48 


1.000 

0.971 

31 ,426 


) / Z 2 


0 , 0 1 3 

0,0 



1 


i 


« 

i 



Rockwell International 


SJ3 78-AP-Q023-7 


TASiLiE 1 B- 6 B. 0'5"G2-0'9 'G£0 - S'l'l 

5,QiW 'P'Ni0T#'VO;lLTAJr: €*^'=.2 

fNiPUT P , aPA « FT'ERS 


T« 

. I'SiQ'C 0 • O'Q'O O- 

TF * 

ii.OOCGO'W- 

iM^b 

ISiO'O 0.0-0 00 


0.0 

GF* 

li , CIO'O'O.O O 

ZU 

4,000000 

PHI* 

O.9'5iO-OO-0 

Z2» 

1 2 0.0 0000 0- 

■Rib 

O.O'S-OO'O'O 

Z3» 

4 , O-0.0 00 0 

0Fb 

I, 0-0.60-00 



CALCULATE© VALUES 



C©«iG©®EP X 

fT X ©n XX(CC)€XiP-) 

X CF 


e,L«'M«€IG:E'R 

X (H-)XX.(G'IEXP) X 

GIF X TF 


#iRiM «T / H' 




E »1'.0 ♦ 

L0:G f.pN;IJ / L©G (2, 

0) 


CTfU«<GlL'RiK 

/ E)-X {{■#«'« X Zl*. 

5)XX(E) 

-0',sxx<f:-) ) 


■G I P'S-» i ( G.L R{^/€ )■ X i t #iR'M X Z 3 * 0 . S ) X A ■{ '£ ) -0 , SX X (€ ) ) 

■ e«ci « Cl P'S X « 

. £0;Wi' -B QitiHL 


G0;M'M£NTS 163 


IKWr CSi&FFlei€NTS 


■COCEt(= 0,0 124 3^. 

eoi . X ( P = i , 00 ('iotjn 

cieEPs : o , 0 w 57 Pa 

eitxip *: i . 0 u 0 OGo 


) / z? 


t » Ml m 1 0 '.vs 

iH ' 6, 480 
8-6,970 
1,000 
0.9-26 

32H.69 1 



Rockwell Intepnational 

Space IDiviskm 


/-f?:oo-civ-f!/ as 


TABLE B"69. 05-02-10 KAB FIXTUfiE 

5SW photovoltaic C«=2 

INPUT PaPAWETEHS 


I» . 

2DOOQao.OO 

TF* 

1*CU00QQ 

M« 

2500,00000 

□L f-'s 

0 , 0 

CF- 

1 ,000000 

21 = 

1 ,000000 

PHI* 

0,960000 

Z2« 

120,000000 

R* 

0.100000 

23 = 

1,000000 

OF* 

0,200000 



calculated values 



CD*CDCEF, X 

(T X OF ) XX (CDExP) 

X CF 


CLRMbUCER 

X (MlXXiCIEXP) X 

CF X TF 


l»PM *T / M 




E *i.O * 

L06IPHI) / LOGI2, 

0) 


CTFUsi (CLRH 

/ E) X { (ARM X 21* , 

5) XX (r ) 

-U . 5XX ( t ) ) 


CIPS» { (CLPM/E' X { («<RM X 23 ♦ u.5)XX{E) =U,5XX(t)) 
CRCI = CIPS X H 
CDLM = D&.H 


COMMENTS lao 


n.PUT COEEF iCIEf'TS 


.CDCEEjs 0 *2-34 (j do 

CUEXps 0. 653000 

ClCLPs 0,000005 

ClEXF- 1,000000 


Sj'^ULlONS 
1065,027 
0,012 

0 r: 0 , 0 n 0 

0.971 

M, 475 

) / 72 0.071 

0,007 

- 0,0 




Rockwell International 



Rockwell Imternatiomal 

Space DivisJon 


06-00-00 ASSEMBLY AND SUPPORT EdUIPMENT GER*s 


The element includes all SPS uniqiue f aibr icat 1 on , orbital construction, 
assembly a-nd sup.pQrt equipment. Included are the tri-beam builders (beam 
machines; beam machine material cassettes; ca-bl e/catenary attachment machines; 
remote manipulators; solar array blan-ket dispensers; reflector (concentra tor) 
dispensers; ca-bl e/ca tenary dispenser; and antenna pane! installation equipment. 
Table B-70 itemizes these components and identifies the initial requirements 
along with a 30 year repl acement schedule for each W=BS number. 


Ta-ble B- 7 O- Space Assembly and Suipport Equipment 


. WBS NUM'BIR 

..[)E5€R.LPTI0N 

INITIAL 
REOU 1 REMENTS 

30 YEAR 
REQUIREMENTS 

wm 

06 - 00-01 

BEAM MACHINES 

234 

468 

702 

06 - 00-02 

CASSETTES 

1206 

5922 

7128 

06-00-03 

GABLE ATTACH. MAGHINt 

76 

76 

152 

06 - 00-04 

REMOTE MANIPULATOR 

34 

- 

3& 

06-^00-05 

BLANKET DISPENSER 

76 

406 

482 

06 ^ 00-06 

REFLECTOR DISPENSIR 

6 

30 

36 

Q 6 -OO -07 

GABLE DISPENSER 

307 

153 

460 

06-00-08 

ANTENNA PANEL INSTALLER 

1 (SET) 

2 (SETS) 

3 (SITS) 


Construction is accom.pl i shed almost entirely from the G.EO Construction 
Base Fabrication Facility which is included as a part of WBS element 05-02-10. 
The items of assembly and support equipment are transferred from one construe- 
tion site to the next as construction is completed on each satellite. 
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- :fet€A«' Machine 


TAiB'LE %-lA. .0i6-.OO-0'l A.&..S£ 

5SiW 'P'HtTOWLTAie 

INPUT iPAiSAMETEH'S 


T« 

. . 7O0,J3iO0OOO .. 

TF.» 

Ms 

700.000000 

00 Ms 

CFs 

1 ,000000 

zu 

PMI« 

0 * 9'Q 0000 

22* 

'R« 

0,0 

Z3 = 

UFs 

1. 000000 



CAUeyLATiE© VALUCS 
CD'frCDCER X OT X 0r > XX{ €OiEXP 1 X CF 
CEPH«CIGEP X (H) XX (CIEXF) X CiF X 7F 

GO 

- #iP'M' =T / H 

V0 

E »i.O ♦ LO'et'P'HI) / LO'G(2*0) 

CTFy«{GLR'M / E)xnmw X Zi*,5)XX(E) -O.SXXfU)) 


INPUT COIEFFICI'ENTS 


Ji ^0043 0 00 CDCEtta O-»-0-OH64) 0 - .. 

0.0 COEXP'a 1,000000 

23'4,GOt)OO0 ClCEPs 0,001000 

12O»O00U0O CIEXI’s UOOOGOO 

702,000000 


Si » WILL ION'S 
h, 020 
n , ? 0 0 

1,000 

0,84B 

83,987 


GIPS* ( (CL«'H/E) Xn«#M X Z 3 ♦ 0 . 5 )XX(E} -O.SXXIE)) ) / Z 2 

CR'CI « eiPS X 'R 

. .CQkM. * Q*M , 


1. ?80 

0,0 



O,-0- 



COIN ME NTS 


16A 


Rockweli Internationail 

Space Division 


SD 7 S-AP-OO 23-7 



TABL'E B- 72 . 0'6«'G0"-02 A.f,SP - CASSlTfES 

P'N©T0'V'OtTAie CWa.2 

INPUT ipAPAMl. T€«'S 


Tb_ 

2'fiQ,OO'0QeiO 

TF=? 

i.OOOQQE 


?'0 O.O’OOOOO 

Qi&H = 

■O,0 

GF« 

■1,00000 O' 

Z 1 * 

12M'6,OOO0'(i 


O.dOOOOO 

Z2- 

12'0. 000(000 

R» 

0.0 

Z3= 

1 1 m , (0 O'0 O'(o 


1 .0'OOOOO 



CAtC'UUATEilD VAtUES 



GD«C0€4R X 

(T X Of ) XX (GGEXP ) 

X GF 


CiLPHwiGlCEP 

X (M) XX (GI;EXP) X 

tF X TF 


AP'H' «T / M 




E *1*0 ♦ 

tOGfP'HI) / log {2, 

0) 


GT'FU* ICIL RM 

/ E)X((#R‘M X Zl*. 

&) XXlE) 

-O.bXX (t ) ) 


CIPS* t (GLP'H/E)X < UPM X Z3 + 0,&)XX{E) -0,5.XX(€)) 
CPC I B CI'P'S X R 
CO'&M » D'fx'M. 


O0MHIENTS i'bS 


IrjPUT COlEFFIGIE^.TEl 


CaOERs 0 ,-O-EiEi,QO 

CLJitXp= ]i.E00O0O 

(.MC€H= (1.0 000 

ElEXP* 1,000000 


) / i? 


MILL IONS 
0 , JE 0 
0,005 

1,000 

0 ,fe 7 a 

0 , 9 3'8 


0 , 0 2 fe 



3,0 
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TABLE B-73- 0'6i-'0'0«03 ALSE - CABLE ATT M.GHTNL 

•5Sik P'HiQTOV'OLTAI'C C«w2 

INPUT PaPAMIETER'S 


IN’P'UT GO€FFlCltr;TS 


03 

I 


T«_ . 

. . 5.OO.OQO0OO 

TF» 

1,0 00.0.00 

CD££P= 

. Q,0uaj6.OQ. 



5.00,00 0 0 00 

0'&M« 

0,0 

CCjEXP* 

] , 0 0 u 0 0 0 


CF* 

1,000000 

21* 

76,000000 

ClCEPs 

0,001600 


PhU 

O.9SOOO0 

Z2e 

120,000000 

CIEX'F* 

1,000000 


R» 

0,0 

23* 

1 5'2 • 0 0 0 0 0 0 




DF« 

1 ,000000 






calg'Ulated values 




i> 

MILLIONS 

Gq-CDGiEP X 

(T X DF) XX ( GDEXiP ) 

X gf 



A 

,30 0 

glrm«gicer 

X (M)xx(eiEXP) X 

CF X TF 



0 

,8o0 

fR'M *T / H 





1,000 



E «J.0 ♦ LO'Gt'P'Hi) / LOG (2,0) 

GTFU*(CLRM /'E)X((tR‘M X Zl*,5)XX(E) •■O.BXXtf.)) 


0 . 92 b 

A 7 , A 9 i 


C1PS»( (eiRH/E)X( (#RH X Z3 ♦ n,S)XX(E) -O.SXXtE)) ) / 22 


0 . 3 



ORGI » GI'PS X P 
GOm « (iiH . 
G0MWENTS 166 


0.0 


0,0 


(D 

r \ 

3 

ta 

d : 

o 

d 
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CP 

I 


Vuo 

!o 


TABIE B-74. (jej-OO-G* A^SiE 
58'W P‘H©T0V'OiTAie CR».2 


HCM'QTE MANIPaLATO'R 




INP'UT 

PARAMETER'S 


INPUT 

cocFFieiFurs 

. Im . 

.. 

aoo»a^0QGOn 

Tf « 

UOOOOOt) 

x;uc£f>^ 

O,0 0Ji60O 

M» 


600 *000 000 

0'6>M» 

0,0 

CUE XP = 

1,000000 

Gf* 


1,000000 

21* 

36,000000 

CICERs 

0.OG15OP 

pMi* 


0,950000 

Z2» 

130,000000 

CIEXRs 

1,G(;1O0O0 

R« 


0,010000 

Z3s 

316,000000 



DF» 


1,000000 






CALCULATED VALUES 
CO'bC'DGEP X (T X Q'DXXtC'DEXP) X OF 
CLRMaCICER X (H)XX(GIEXPJ X CF X TF 
l»'RM »T / M 

E *l,e + LQ6(PH1) / LOG (2,0) 
CTFU«tCLRM / E)Xn««'M X Z1*,5)XX(E) 


G i P'S« { { CLR'M/E ) X ( ( (»RH X 
CRCI s CIPS X R 

JGQikM. -fiL O'LM 

COMMENTS i67 


0,5 XX (E) ) 

Z3 + 0,5)XX(E) -0,5XX(E)> 


) / Z2 


LIONS 

6 . RR 0 

1,200 

1,000 

0,92fj 

35*563 

0 , ?9 6 
0.003 

.. . . 


cn 30 

" g 

<? ?r 

I - ^ 

S - to 


13 

irt* 

rt ) 


3 

03 

3 : 

o 

3 

CD 
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TAS'LE B-75. 06-00-0& Ai-St - HiAM^KET OISPEf'iSEW 

5S»/ PHOTOVOiTAie CR*? 


ISIPUT PARAMETERS 


INPUT COEFFICIENTS 


T- 

2QQ.O.QOQ00 

. Tf* 

1 

M« 

2000,00000 

OEMs 

0 

CF* 

1,000000 

21* 

76 

PHI* 

0,950000 

22* 

120 

R« 

0.0 

23* 

AR2 

Of* 

1,000000 




calculated values 


CDsCDCER X (T X Of)XX(eDEXP) X GF 

clrm»'GIcer X (H)xx(crEXP) x cf x tf 

Q3 

- »RH «T / M 

E =1.0 ♦ LO’G{p»n / L06(E.0) 


000 00 0 . - . CJICER* ... . J),£li)40ilfl 

0 cdexpb 1 . ounono 

000000 CICERa 0,000100 

000000 CIEXP* 1,000000 

000000 


“MILLIONS 

8.000 

0 . 2 UC 

1 . 000 
0.926 


CTFUatCLRH / EJXHAP'M X 2l+,5)XX(E} 'G,5XX(E)1 


1 1 ,873 


CIPS*( (GLRH/EJX ( {ARM X Z3 + 0.5) XX (E) -0.5XX(E)) ) / 22 


0 , 5A 9 



CRCI a CtPS X R 
GQVM .a OVH 
eOMM:ENTS 168 


0,0 

0 .., 0 


CA 


o 

n 




5 

K 
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TABLE B-76. 06-QQ-06 A.fi.S€ - t'EhLlGTO'R OISPENSt^ 

56* PH;OT0 VOtT A IC CR'b^ 


IMIPUT PAPAMifTERS I/-..PUT CO€FF I Cl Er.TS 


T«. 

1 QdEI'M*.O000 

TF* 

i.00QOj0i3 

. . CiJ£Lb J' 


O.OO^LOOO 

H'« 

10000. GOOO 

Q'fsM* 

0.0 

CuLXPa 


1.000000 

CFm 

i, QOGOO0 

21* 

6.OOO0OQ 

CICERa 


0 , 0 0 (U 0 0 

PHI* 

0,9'50 00 0 

ZEx 

120.0(1100110 

LILXpa 


1.0(10000 

R* 

0.0 

Z3» 

3'b . 0 (11 (? 0 0 0 




D.f* 

1.000000 






CALCULATEO VALUES 





MILLIONS 

G0»GDCEP X 

(T X Of)XX{CUEXP) 

X GF 




0 . 0 (1 0 

CLRH*CICER 

X {M)xx(eiEXP) X 

Gf- X TF 




1 , 0 U 0 

#RM *T / M 






1 . U 0 0 

E * 1 • 0 + 

LO'OtP'HI) / L0G{£, 

0) 




0,926 

CTFU* {GUR‘H 

/ E)X ( X Z1+. 

5)XX(E) -( 

J.5XX (L) ) 



5.6A3 


CIPS*t (CLP'M/E}X{ X Z3 + G,S)X*(t) -O.SXXlt)) 


CRCI = Cl PS X P 
GQ4H * _&t.H 


GQHPENTS 169 

d 

3 

£23 

3; 

o 

D 

CO 


) / 12 


n,247 
f). 0 


Space Division 


Z-croc“dV“ff/ os 


TABLE S"77- 0.6-0 G-'O 7 A6SL - GA6LE DISPENSER 

5&K PHiOTO'V&LTAIC G.Rw2 

INPUT PARAMETERS 


?■ 

■ 2M*Q'Q-Q0Q& 

TF* 

1 , OOO 0 0 0 

M« 

20G.OOOGOO 0*.U'» 

0.0 

CFm 

1,000000 


307, 0OOODO 

PHI» 

G. 950 000 

Z2» 

120,000000 

Rm 

0,0 

Z3* 

460.000000 

Qfm 

l.OOGOOQ 



GAieULATED VALUES 



CO*'GDCLfi X 

(T X OEIXXICDEXP) X 

TF 


GLRW*Cie.ER 

X (H)xxfGiExp) X cr 

X TF 


#iPH »T / H 




E »1*0 ♦ 

LOG (P'HI) / LOG (2,0) 



CTFU«(CLRH 

/ EJX ( X Zl*,5) 

XX (E) 

-Q.5XX ft) ) 


eiPS»{ (CLRH'/E)X ( (H'RH X Z3 ♦ 0.5) XX (E) -0,5XX(E)) 

GRci * eiPs X ft 

CB'VW-jl 04M — . . 


comments 170 




INPUT CUEFF ICIEfJTS 

COCEP 
roExr 
CICEP 
eiExp 


0,O.Jt)AX)OG- 
1.000000 
0 , n 0 0 1 0 f) 

1 , f) (J 0 0 0 0 


i 9 MILL IONS 
0,000 
0, opo 

1 , 0 n n 
0.9Z6 

4,335 

) / ZE ff.053 

G ,0 

CL, i; 



c:i 



.3 
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TABIE B-7'8. A6.SIF - AMTEttflA PAIvEL K'iS.EUf l. 

5SiW P'W0T0V'0:LTAI€ 



IN'PUT 

PAP A met EPS 


INPUT 

Cf)€FF ICIEfiTB 

T» 

A50OQQ.00Q 

Tf * 

1,000000 

CUCEP* 

0, BOUbOO 

H« 

60'0 0 0.0000 

C^Mn 

0.0 

CD't Xl’ = 

1 , 0 U (10 0 0 

CF* 

1,000000 

Zl* 

1 , 0 0 O 0 U 0 

Cl CLP* 

u , 0 0 1 5 ri 0 

PHI* 

0*900000 

Z2 = 

120.GOOQOO 

CiLXPs 

1 , U 0 Ij Q f> 0 

P* 

0, 0 

Z3 = 

3, (iOOOGO 



©IF* 

0,133333 






C A.L€ UL A T'E E) V A.L Uit S ’> » M I L L 1 0 N S 

CDwGD'GER X <T X D'F)XX (GDtXP) X CF Blft.noo 


GLP'M'wCieER X W) XX (.GI'EXP) X CF X TF 
#RH b 7 / M 

E =1*0 ♦ L0i6{P'HI) / LiJ'S(2t&) 

CTFU* (CLP'K / E)XU#«M X Z 1 + , 5 )XX(E) - 0 ,&XX(E)) 


90.000 i 

7.&00 

0 «a 48 j 

i 

580,001 I 


CIPS«( (C.LPM/E)X( (uPW X 


Z3 * 0,5) XX (E) -0.3XX (E) 1 


) / Z2 


1?. 139 


cpci * crp'S X p 

CQ'fciM ? Q'LH 
COiMMCNTS 171 


I) , 0 

0,0 
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07-01-00 STS HEAVY LIFT LAUHiCM VEHICLE CHILV) - FLEET PROCUREMENT CER*s 


The overall SPS transportation system evolution utilized the Gurrent base- 
line space shuttle to satisfy the technology development issues requiring earth 
to LEO space flights. Shuttle derivatives are employed for the eonstruetion of 
the 1 GW SPS prototype* The SPS operational HLLV transportat i on system must then 
be employed to satisfy the high flow requirements from earth to LEO to expand 
the prototype capability to the operational 5 GW SPS configuration. 

The HLLV concept selected Is an a i r-aiugmen ted horizontal takeoff single 
stage to orbit vehicle with a projected service life of about SOO flights per 
vehicle. 

The single stage to orb^t conf Igurat ion utilizes a wet wing concept and 
multi^cycle air-breathing engines (turbojet/ramjet) from takeoff to . 

Three SSME type engines are employed from M=6 to LEO* The vehicle has a cargo 
bay 6x6x30 meters and is capable of placing 21,000 kg in a 550 km equatorial 
orbit* Approximately 500 NLLV flights are required per SPS. 

The vehicle will takeoff from KSG, climb to 20,000 ft altitude and cruise 
to the eq.uator under turbojet power. After turning into the equatorial plane, 
the vehicle will begin it‘s ascent under augmented turbojet power and transition 
to ramjet mode at approximately M“3- At approximately M=6 the SSME engines 
will be ignited and throttled to maximum power while throttling down the ramjet 
engines and closing of the variable inlet. During reentry the variable inlet 
ramp will be reopened and the vehicle will cruise back to the launch site on 
the air-breathing engine system. 

The primary advantages of this concept are ability to achieve the required 
laiunch site(s); the method of recovery minimizes risk of damage and enhances 
turnaround time; minimum fae i 1 1 ty/equ i pment requirements; considerably lower 
acostic levels and an inherent down-payload capability* 

The GER's are based upon engineering estimates, see Takle B-75- 


B-137 
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as 


TAmiE 'B‘»7S. 07-a i -()(!) STS - Mill tv FLCET P'KO€U«iEM£f'JT 

5-SiW iP'M'OTO'VQLTAlC CiR*2 



INlPl^T PAPAMifreRS 


INPUT 

COEFFICIENTS 

_ Tft . 

Gf* 

PWI« 

»'■ 

OF* 

l.O'GUflfiO TF = 

1»'0OO'0'O'O OEiMta 

i'.O'O'Dfl’OO ZI* 

0 , ea 00 0 0 Z2* 

0,0 Z3« 

i , 0 GO 0 0 0 

1.000000 

0,0 

3 . O'O0 0 00 
12O,OO'0'O'OO 
165. 0000 00 

CDCER* . 
cut XPs 
€1C,EM« 
CltXPa 

792JL,l<i'9^£ - . 

l.owouoo 

702 , 0 0 00 0 0 
1 , 0 0 Cl 0 0 n 

GAiLGUiATED VALUES 



F » 

GGiBiGiOGEiR X 

( f X OfJXXieEEXP) X C.F 



7921 

CLRW'weiGER 

X (M) XX CelEXF) X GIF X Tf 



792 

*T / « 




1,00 0 

f. «1.0 * 

toi6-('ipiNi)i / tGeia.'O)' 



0.6 7S 

■CT'FU« (GL'PH 

/ lE ) X '( ( X Z i * , 5 ) X X ( £ ) - 0 . 

5XX (F H 


2001 

€IPS»(fCtiRW/IE)X ( l#'RW X Z3 ♦ 0,5) XX (E) -0 , 5X X (E ) ) 

) / Z2 

30A 

e«ci -1 

K eiP's X R 



0 

GQf&'M » 

GiWU - 



0 


MILLIONS 


GBiH'MEWTS 


35 


RoekweH International 
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07-02-00 HEAVY LIFT LAUNCH VEHICLE (MLLV) - OPERATIONS 

This element ipieiudes the necessary HLLV operations required to support 
the SPS project. Included are the payload launch operations that consist of 

the physical integration of the payload into the HLLV payload bay and any 
payload unique repair and/or checkout activity at the launch site during 
launch preparations. 

A total of ^09 HLLV flights ate required to trans,port 37.2x10® kg, repre- 
senting the mass of 1 S'PS, to LEO. Ten different payload mixes, averaging 
91,000 kg each, have been defined and seqiueineed to support construction needs. 
An HLLV launch schedule of § flights per day has been postulated. The schedule 
Is within the projected launch rate capab i 1 i ty , considering other requirements 
such as maintenance material and crews. This results in total SFS mass 
delivery in §1 days, 21 days ahead of the required completion, thus providing 
considerable margin for cont ingeneies whic!" could slow delivery rate. However, 
an average of 500 flights per SPS was used in the GER calculations to include 
operations and maintenamee mass to orbit in this instance. 

The average niumber of total MLLV flights per year for transportation of 
satellite mass, crew, crew provisions, propellants and other maintenamce 
materials, consumables and supplies is approx tmate 1 y 2,500 flights. 

The GER's are based upon engineering estimates of the HLLV operations 
requirements, see Table B-80. 
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Q'S 


TABl'E. B-S'0. a7-(J^-nP! bis - Hi.LV ( P'F H AT U 'J'S 

5 5'W P HiO T O V OH T A i C G P = d 


ImP'IlJT 'HAPAMf T£H'S ll.il’UT Ct'»1F F ] Ci S 


T* 


Tf-s 

'1 , 0 0 0 0 (!) 0 

CLi'CLP = 

(’ , 0 


1 , 0 0-(J 0 0 0 

C'^lh'S 

1 A B'b . 0 0 M III 0 

ClIi{ Xfs 

1 « ij 0 tj 0 11 fl 

QF« 

11,0000(30 

Zi = 

500.00 00 UO 

C1CF)^ = 

1 » 9rlil 0 0 (1 

PMI = 

1 • fiO 00 0 01 

7 2* 

120. C 00000 

C ILXf = 

.1 . (1 IM 0 (J 0 

Ps 

0, 0 

2 3 = 

(SOOO‘0, CiOMO 




1 , u (I) n 0 00 





GM.C;U:UATE:t]) V A.LOILS 




F.MVl t lO'^lS 

GP»G®e.a'P X 

(T X 0iP) XX fCGEX'P)' 

X CF 


%% 

0,0 

etRiM'se icER 

X mi XX (Cl EXP) X 

Cf X TF 


Q ^ 
Q. y- 

1 .4H0 





^ C'' 


# PH 3 If / K 




a ^ 

ci y 

1,00 fl 







E 3 i , Q ♦ 

L0:6('P'Hil) / Lfi'esa, 

0) 



1 . 0 IJ 0 







CTFII* (GILRM 

/ DXnWP'M A 21*. 

5 ) X X ( L ) - f 

tu ) 


9 9 0,0 0 0 


C I P'S* ( < CLPilVll X ( i X 
■GR'GI = GI PS X P 
GO'WH * O VH 


2<b 


73 ♦ 0.51 /A (LI -c),b>x{tH 


) / 7? 


'■4«n. 11 ur 


ill , 


■Ub5.<l('C' 


W 

■g 

o 

o 

< 

w' 


?> 

(jj 
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0§»0T-00 INTRA-OiR'BJT VEHICLE - FLEET PROCUREMENT CfR's 


This element ind'udes t-he Orb it Vehicle (lOV) reqiuired to suppert 

fihe S'PS project* A singile stage GhemlGcrl (LOX/LM'2) vehicle was selected for 
use for on-orbit tronsiers of h0ZQrdous cQiigo (propel Ii0nts) from the OTV's to the 
saite'llite end to the sp0ce bases to preclude potentl'ail collisions. 

The CER's are based upon the upper stage (Stage No, 2) of the two-st0gie 
personnel OTV concept, see table B-SK 


Z-C300-d'W-gZ QS 


TA'S'LE 'O'8'«'O'l-0tl irCrV-iFLiEf. T WOCWE.Mt'N'T 

h<m 'piNOTOVOli TAie DPwi^ 



INIPIUTI 

'PAiNAMlfTi&RS 


Ii'kP'UT 

COiEFF 'ICX'EmTS 

- T« 

i ,00010 00 

TF » 

. 1,60000 O' - 

Gu):CEK= 

97,gJ9'9'994- 

'W» 

l.,OOO'O'0O> 

04iK'* 

0 ,0 

CuCXfs 

i , 600 O'O 0 

•Cfa 

1,000000 

Zl = 

A, 0 0)00 O'O 

CICiEKs 

27.1 b99 9'8 

P»jK 

O'.R'OOO'OO 

Z2a 

12O.0OU'OO0 

LirXFs 

1,060000 

Rib 

O', Og'OO'OO' 

Z3= 

1 0"0 , 0 0 iH)'0 0 



OFb 

l.O'O'OO'OO 






eAlLClUlLATEiD VAiliiES 
©Di» 0 DiOEiR X ('T X 0 iF.) XX lCFriEXP)' X CF 

cn c;tRM®eioE'R X {Mi)xX'tciEXip) x ©f x tf 

r 

£■ #RM *T / 'H 

E « 1,0 + 'LOGtPHU / log '( 2 , 0 ) 

eT'FU*((aL'RiH / E)X((#|RM X 2 ai*, 5 )XXI£) -'G,&X.X(E)) 




o ^ 










-tp 

■A 




9 7, 9'0 0' 


27,170 
1,0 0 0 
O'.e'tg 


9'6 ,<51«+ 


G I FS» (■ ( CiLiRM/iE )■ X i ( #iRM X 2 3 * 0 , S ) X x { F ) -0 , 5 X X t E )■ ) 
CIRGI * GIFS X R 
04H 

GO'MMIENTS 37 


) / Z2 


11. I<i7 
0,2'63 
0,0 . 



3 

p* 

tP 


i 


CD 

Gfi 

o 

3 

£». 
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08-02-00 intra-orbit vehicle - OPERATIONS CER's 


This element includes the operations (which is essentially propellant) 
of Iiura-Orbit Vehicles (lOV) required to support the SPS project. ft 
includes the on-orbit t ranspor ta t i on cost of operating the vehicle from 
the OTV's to the satellite and to the space bases to deliver ha::ardous 
cargo ( Prope I 1 an is) , see Table B-82. 


n 
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TABILE B-82 . O-B-02-00 I'D V'^QiPCS^AT IONS 

5S# W:OT0'V0;LTAIC E.H«2 


iNiPlJ’T PA'PAM;arE«'S 


T* - 

. l-,Q'Q<QiG'O'0 

TF*. 

1 »00 00'Q0>. 

'Ml* 

1 , O-O'O O'O'O 

'O&iM* 

1.500000 

GIF* 

1 , 0'0'Q O'G 0 

Zl* 

1 OO'O.'OOG'OO 

PHI« 

1,O'00>OQO 

22* 

120,0O'0'3O() 

iR'* 

0,0 

23* 

12'O'0O'0«OGO 

GIF* 

1,00 O'G 00 




eAU,GlU,LATE'D' VALUES 


GD»ei0:GEiR X tT X DiF ) XX { GDEXIP )' X t F 
^ eLR'HwGIGER X ('M) XX tGIiEXP) X GF X TF 
^ #lp>M' »7 / M 

E *1,0 * LDG'fPWI ) / LOG (2,0) 

GT'FUbIOLR'M / €)X(f##M X Zi+,S)XX (E) -0.5XX(E) ) 


INPUT GOiEFf IGIENTS 


GUGERs . — . a,fl 

COCXPs 1.000000 

eiGEPs 0,001 000 

Ci'iXPs: I.dOUUOO 


»MJL LION'S 
0,0 
0.001 

1,000 

1,000 


1 , 0 00 


C I PS s ( ( GLiPH /lE ) X ( ( X RIM X 
GiRCI » C'l'P'S K R 
QQiL'H « .Di&M . 


Z3 ♦ 0,blXX(E) -0,5.XX(EH 


>Ti >;S. 

^5 Q 

O 4 

9- > 

P. 

Q ^ 

t< w 


) / 12 


1 , 0(1 0 


0,0 



I..EQ.Q. 


CD 


m 

a 

0 

3 

0 


C0.HMIENTS 


3# 


RoGkwef! Infc 
Space Division 


Rodkwel! International 

Space Division 


09-01-00 CARGO ORBITAL TRANSF ^R VEHICLE (COTV) - FLEET PROGUREMENT CER^s 

This el'ement liHcliudes iihe dediicQ+ed elieefri'c: Drg:on ion tferust^er OTV for 
GQrgo {’‘ransfer from LEO to GEO, The d■edl^G 0 '^ed eleetri-G OTV eon figw ration was 
sized to oGGomodate a pay food ea.paMl'Ity of opproxmote'ly 4 x 1*0^ kg. the 
struetyro'! configuratfon is essentfo'l iy the some os empfoyed for the SPS and is 
sized to produce opproximote'ly 270 megowoitts. 

The thruster orray is suspended by cobles ond locoted at the vehicle e.g*, 
the thruster orray is comprised of six sub orrays ( 6 x 30 meters) eoch of which 
iiS G 0 poble of being poefeoged In the HTO^rMlLV corgo boy. Approximately 270 
1 meter eleetrlc thrusters are at the structu-ra'I extremetites . Primary thrust vector 
control is 0 eGomp!is!hed by o S'ljp-rfog Joint idenHcol to the type used for SPS 
antenno 0 rlent 0 tfon, 

the dedicated concept was selected over the selfopropeU'ed concept because 
of higher relfobillty snd less risk of damage during orbitail transfer. 

The GOTV CER's are the same as those used for the sate-ilite costing for 
the same subsystem elememts, see tables B-§3 through B-97, 




SO 7J^'AP-0023-7 




TA- 0 i|L€ 0 ' 9 *G 1 “'G 1 e'OTV'FF>"PtiiW€f- b#iJlRC;»f ST«'yGI'U'«i 

■&e:W 'P'HiOTG’ViQlTAlC ©R '»,2 


iNIPUT PAftAMi- iTlWS 


114^1 T COCFf IGHNTS 


. I* 

J21B)8<5.0QO 

TF* 


. .£D[G£.iKs_. 

. .. 


M'b 

2&GO«GOO'0'0 


0.0 

eoEXP* 


o,ei53'u0o 

CFa 

l^OOQOO'G 

ZlB 

10, 000 000 

CICFPs 


0,000005 

P«X» 

1,0'0O0'0'O 

Z2» 

120,O-W0'G-01} 

Gl£X.ps 


1 ,000000 

P* 

O«G'10#O'O 

Z3* 

A&.OOOGOl'O 




£>r» 

O.20OO'O'O 







CAieiULATfiD VA,U2 J!E:s 


‘fit'IILLlG'N'S 


,O 0 *e©iCEiP X (T X D'F) xX(G,l!'EXP) X CF 
ro OLRMisCieiEP X |H') XXIGI EXP) X CF X TF 

t »t / m 


Ji 23 ,fiJ 3'5 
0 . <) I ? 

i 2 B./b 4 


E *i .G ♦ LOGiP'Ni l / LC)iG( 2 . 0 ) 


1 .'UOO 


'CTF'U«<CtRW / E)X(t##M X Z 1 +, 5 )XX(E) -O.F>XX( 4 J) 


li 6 , 0 9 A 


C I P'S« ( ( C L'RiH/'E ) X ( (■ #'PM X z 3 ♦ 0 , 5 ) X X '( E ) - 0 . &X X ( t ) ) ) / Id 

■GRGI » ei'PS X R 
GiQ4M' B &tiiH 
GGHHIENTS 83 


0 ,h(ii 4 



0 , ()' 0'6 


0«ii_ 


(P 

Q) 


13 ; 

o 

3 


Rockwell Ifi 

Space Division 


Z-ftoo-d'V-§£ as 


TA.B:U€ 0’9'-Oi-0 3 OO'T Vf P-SOL Ai|v RiLANiKtT 

5.Qiw P'«T0'vm,iiAie cp*a 


CD 

t 


-C“ 



IWUir PABAHIF i EK'S 


Iiw,P'UT 

COEFKieiErJTS 

. T* 

9'OOOGO,OOG . _ Tif * 

.i.QOQU.OQ 

. , LiiOEKs . 

ID , iiii.4 ao. 

M* 

lb,2S0'*0'0'tiO O'&K* 

0.0 

CUEXPs 

0 . 39'4 0 1') 0 

GiF* 

!l,0Q(i).OQO Zla 

1 0 . 0 0 0 0 0 0 

n £.€(•* 

0 . 0 u (; 0 9'5 

p'Hi* 

0 • 9'8<Q'Q GO 22 s 

120 . OO'Q'0'00 

Llt.XP = 

1.OOOO0C 

R« 

OrOlG'0 0 0' 23w 

45,0 00 000 



OlF« 

1 , 000 000 




eALGlU.LAT€i0 VAiLU€S 



%»MlLLIf'MS 

CDwGDGlER X 

(T X Of ')'X.X (GMXP) X GIF 



3'S, ^99 

CL'RM«ei'GiEB 

X (M)XX (GIEXP) X CF X TF 



1 ,S44 

#RIH »T / 'M 




b5.3B5 

€ *ii,0 ♦ 

1 06 ('PHD' / 106(2,0) 



0,971 

CTiFU*teLB'H 

/ € ) X ( ( iiRW X Z jl* , & ) XX (El -0 , SXX C r '1 ) 


732.405 

e rPS= { < CiLRW/'I ) X ■( ! X'fiiM X Z3’ * 0 . 5 ) X X tf. ) 

-O.SXX (€) ) 

) / 7? 

2f>.292 

GlR'G I » 

■GIPS X U 



0,263 

. GG&M' '« 

OikM . 



0.0 


8 b 



Si 

5* 


OOiMHIE'NTS 


Rockwell International 


(OS 









T AiBt € . (!)’9- 0 1 -0 4 G 0 T ViFip> -G ©t'-.CrN T A T uP 

&.&W- rW'Oi: 0 'V' 0 ilAlC GH «2 

iNPitJT .PA^^^AM.E TEWS 


INPUT eUEFF ICIENTS 


GD 

t 


eo 


.. . - f* 

ia,O;£l.G.OiO*fti'0 TFa 

1.000000 

GDCEiWa 

. ..0*027000.- 

H* 

162’&O.O0OG D'Vt'x 

0*0 

CDiEXiP* 

0,39-4000 

ef» 

1,40OOOO Z0» 

10,000000 

C ICE pa 

(J, fJi(O0 0 3' 

ipwiP 

0*960 000 i~a~ 

IS'O , O 0 Q O O0 

C'U:Xf-a 

0,9^'(.)oon 


■0,0100#0 Z3* 

4b, 0 00 00 G 



.D:r» 

1,0.0.00.00 




€AL€'kJ.LATiE0 VAL'liilES 



?»»MRL10Nis 

iC©<«C'0:CCR X 

(T X Dinxx-te'Mxip) x of 



M , G 1 7 

GLP'WwGilCER 

X (M) xxiClEXPi X €f X TF 



0 , 0 4 ? 

IKR'H a T / H 




1 1 (J, /f''? 

E IP 1*0 ♦ 

U;06(P«I) / l.0Q(2,O) 



0,9 71 


■CTFU»(€LR'M' / E)X ((#W# X Zi + ,5)XX{E) -0 , 'iXX (1 )■ ) 39.0B7 


eiPS«( <CiP:K/E)X K#|R'M X Z3 + O.bIXXtE) -(D .SXX (E )■ ) ) / Z^ 

0RICI s OP'S X W 

0 B 4 .M .» 04 M' .- ... 

e©.H'ME'fsj'Ts &e> 


1,4 03 
,014 


0 ,-a 



■O 


<p 

s. 

0 ) 




Rockwell International 


(O'S 


T A bile 0 ' 9 -»Gi!- 0 i 5 GPT V'FP'-t'LECTSie P'PO'PlIii SIOM SYST't.H 

53 W P«©TrO'VO.LTA'lC EPs,^ 

IMP'IDT PA'RAiWif? T'EPS if-iipur COEF^ TC IE.NT S 


. T« . . 

8'.0'S)&l<00D!fl 

T'F * 

0,iQS9't)0 


i-. l£2ii0J!l - - 


311,0O'OOO'O 


0*0 

CDFXP= 

0.1 9'fMJOO 

GF« 

>1 . li O'O-O'O'O' 

ZJa 

10.000000 

CIGERs 

0,057000 

PNI» 

O.9'O'OO'0'O 

Z2» 

12'0.O'O'O(i)OO 

GIEaP* 

Q, 729'0 0 0 


O,O1GG0'O 

Z3« 

45,000000 



OF* 

0 • 3i0'0'0'0'0 






€ At OU L A T EiE> V ALUiE S < t I L L 1 0 N S 


€D*G0€ER X (T X DiF)'XX{G15€X,P> X GF 
^ Git R'H«G ICIER X im xx (eltXiP ) X GF X TF 

I 

«PH' «T / W 

E »’lrO' * teei'PWI) / LO'6f2*<3)’ 

eTF(ii»('GtRW' / €)X((#«# X Z1*,5)XX(|) «G,5XX(E) ) 


B.39'9 

0,436 

259.103 
0 • B 4 a 

4 03,0’5P 


€ f PS« f ( GL RMi/£ ) X ( ( «#M X Z 3 ♦ 0 . 5 ) X X ( £ ) - 0 , 5 X X ( F. ) ) 
ClRCI « eiPS X R 
. CSAFi' R 0 iE« 

8 7 


) / Z2 


I' 2, 0 30 
0.120 
Q..G 



^ ‘ ? J 


/D 


i'^ *v7 

1 : 3 ' 


G©MHC,MTS 


Rockwell International 

Space Division 


Z^£Z 0 O-dV^§^ QS 


TAiatE B-8',7. 0'9-'0''l-(')'fe eOTVFr-AVlQiNrcS? SUiPEHVISJR CO'M'PUIEP 

5(5.W PHi0TQV'0.‘LTiAie CP-<f 


CD 

I 


\iTl 

o 


iMip'UT ■PM’^A'Wl.Tf.^S INPUT C3€f F ICl EnTS 


. _ JE» - 

iA,ili£lt.-0'£10 

TF = 

0,7QflO(!i'Q 

CDOf.ka 

. . 0, £>330 DO . _ 


1 <» • 0 0 00 0 1!) 

D'SiiMis 

O.'O 

CDiLaPs 

0.5210 00 

OF* 

l.OOUO'OO 

Zl* 

i 0 . 0 0 C 0 0 0 

CIOEPs 

0. 1 ?20fJO 

PWIw 

0 • B'50'O'G'O 

22* 

120 *00 0000 

ClLXips 

0.53'50H0 

•H>m 

0 ♦■01 0000 

23* 

»S.Ol)'O'f)0rO 



0iF« 

o^a'O'GO'Oo 





eALCULATFiD VALUES 




Sf MILLIONS 

ODibODiCEiP X 

CT X DIF) XX'(GUEXR) 

X CF 



1 , ll'B2 

■eLRW«CIGiEiR 

X i'H) XX (CIEXp) X 

OF X TF 



i) . 4 9 4 

WRJW »T / M 





1.0 00 

E *1*0 ♦ 

L’06'(#Hir> / L0G(2, 

0) 



0,766 


GTFU»<C!LRH / P)X({#PH X Zli.S)XX(E) -G.SXXtt)) 3.^25 


GiPS* ( tCiPH/EIX l X Z3 4 0*5) XX ( t ) -e .bXXtt) ) ) / Zii 

GRGI * SIPS X Ip 
, . 0 *,'M 


0 ,f)'Q 7 
0 . i) 0 1 
13 



ct> 


3 

tu 

d: 

o 

3 

03 


e©MM!E,NT'S 101 


Rockwell 


su 7 8 -AP -002 3 -7 


TAiBL'E B-8-8. O’9»O li«0i6 COTVFP-AV I ONICS » C 0 M'l-IA (vi ) AHfy COI 4 TPOI 

5.5 W P'HOTO'V'OiL TaI'C. G « = 


IMiPUT iPARAHE'IiEH'S iINPUT COEPFICltNTS 


,-T » 

i i.OifiO-B'SO 

T'F* 

. 7.9'0QO0O . 

... . liaiC£l:(5_. 

, Q*.1(1Z.0(!LQ 

'N» 

. O'O 0 0 0 0 

Oi(!.F = 

0.0 

CUFXpp 

O.B79'WOO 

CF» 

1 • 00 00 0 O' 

ZIP 

10,000000 

CiCEPs 

0,069000 

PHI » 

O.B'O O'O'OO 

Z2* 

12'(),0 0.0'0 0 0 

C 1LX.P = 

0.b&7O0O 

Urn 

O.Ol'OO'QO 

13- 

4&.O'0O()Gi 0 



M 

li. 

1 . O'G'O O'O 0 






CAiLCWLATEO VAlUtS 
CD«G0©EiR X IT X ©'F)'XX (Gi&EX;P) X CF 
CURM'»G1CCB X (M^xx (GIEXP) X Cf X TF 
#B'H sT ./ M' 

t «1.0 ♦ L0i6(iP'H I) / LO G (2.0) 

CT FID* (CL RIF- / E)X(t#iRiW X Z1*,S)XX(E) -O.FXXIU) 


■S. MILLIONS 

A . 001 


II • JS 


1.000 

0,678 


‘♦. 02 B 


e I PS « I ( C L R M/E ) X ( ( X 
* CIPS X 'R 


13 •» O.blXXIE) -fl.5XX(LI) 


) / Z? 


('), (109 

0,001 


■CQ'biiMi p Qi&H . . 11,11 

COWMEiNTS 1'02 


Rockwell International 

Space Division 


as 


TAiBlE B-8t. O'9-tU -O'b 00 1 V'F P -,A V i OiK I C- S » l‘'.l'C«'O^Mi&e&SSO«tS 
5 . 5 # ■PWiOirO'V'O.i.TAlC €P'='^ 


PAPAMiKTtP'S 


IhiPUT COE.FF ICIEMTS 


CO 

I 

TO 


.!■ .. 

M* 

OF* 

P'HI* 

Rb 

ifclF ■ 

ZAS.U'Uil'O'OO 
S«O'00'G'00 
1 ,'00 0'0t^O 
U..9'S'O'0QO 
0,01 00.00 
0 • O'0 1 3i0 0 

Tr= , 

'[D'i.if'!* 

Zl* 

Z2- 

Z3* 

Q.07S.000 

'0*0' 

i w , w O O'O 0 0 

120 .OO'OOOO 
4i>t ()O0 00O 

. CDOEP-S 
CUE XP= 
CICM'b 
CIEaPb 

B.'IOZOOO 

0,879000 
O,069'Q0 0 
0,557000 

OAlClUlLATiFO VALyiES 




!>»''UL.LI0NS 

0Dib>c0:GE.R X 

( T X 0iF) XX ( C;t-€XiP> 

X OF 



0,0 37 

■GLHiMsGliGER' 

X (H) XX (Cl EXP) X 

Cl) X T'F 



0.013 

»RIH' bT / M 





49.000 

E sl«0 ♦ 

UDGfpilHiX)' / t0'O(2, 

.0 ) 



U.92'6 

efF'U»IGLRIHi 

/ €)X(.(#R'W X Z1+, 

5|XX (E ) 

-0.5XX (E) )' 


4,410 


G I P S'»‘ : ("G )' X ( ( inRM X 13 * 0 . 5 ) X X ( E ) - U , b X X (■ b‘ ) ) ) / / g 


ft. UB 


©RCI * GI'P^S X « 
■ea-MMEN'TS 103 


0.00 1 

0,0 


O) 

XJ 

01 

o 

CD 


CO 

3 

£ 1 : 

o 

3 


Rockwell 




TftiBiLE B-9.0. C)9-01'-0'fe eOTV'FP-AViQilwiCSi 'BUS e0N.T ^'Gi UNIT 

saw P'BO'TS'VGiLiTAIC. DB-a 

IW'PIUT PaRA'^^'ETEB‘5 i nput COf.Ff I C It NT S 


T'b 

2'&S,0QQ'O0'G 

T'F = 

OsG76.O0O 

CGCENs 

0^ 10^0 00 - 

Mb 

S.O00OOO 

G.&Mb 

0.0 

CGiF.Xps 

B 7 9 0 0 0 

©F« 

1 , 00 000# 

Zl'B 

lO.OOiDWOW 

CI'CEPb 

0,069000 

'P«i* 

O,9'Si0O#O 

72= 

120.000000 

Gli.XPs 

W . 5'E> 70 0 0 

Rb 

0,0 10000' 

Z3« 

45. 0:0 0 0 00 



0IF* 

a .00 1200 





GAICULA^EO values 




Hi* MI LL IONS 

OD'bGDCEiR X 

IT X OiF'JXXIGGiEXPi 

X CF 



0,03 7 


X OMlXXtGlEXPJ' X 

©F A TF 



0 . ni J 

b T / M 





53.000 

E ^l«'0 ♦ 

iLi0G(PHI) / LG.6I2. 

0) 



(!) . 9 2'6 

GT'FU'bICIR'H 

/ € ) X(( #RM X 21+* 

■5) XX IE). •! 

).'jxx (E) ) 


4,b21 


CIPS«. (CtRHi/C)' X ■(((»#« X Z3 ♦ G.5)XX(t) -0,&.XX(E)) 

e»ei a eips x « 

OQi&M B Quk'M 
G;0WM€'NTS ^0<^ 


) / 72 


0 . 

i.j , 1102 

n,u 


m 


Rockwell Internafion; 

Space Dtvisk>n 


L - tZOO - i ^ f-U 


TA31E B-91. 09-01-06 GnTVFP-AVION'ieS » hfeM'UTE AC'J ^ CGNTPO'L 

53'W PHiOTOVOiTAIC C9 = ? 


GO 

I 


V 





HP'UT parameters 


IfjPUT 

COEFFlGIkNTS 


34S..0 0&DQC): TF = 

0. 069000 

GDiEEI'JS . 

0*102.0 0 0 


S.0 0 0'0'00 OM's 

0.0 

CUitXFa 

1) . H ? 9 0 0 0 

GiF« 

i , OO'OOOO Zi a 

10,000000 

ClCEPs 

0,069000 

P'HII? 

0.95#O00 Z2* 

120.000000 

Ut Xpa 

0,557000 

Rb 

0,G1OO00 23a 

6 , (!) 0 0 G 0 0 



Df» 

O.OOiOO'O 




GAiLCytATty WA-LoiES 



L tons 

GD'»CQC.£R X 

(T X DflXXCCD'EXP) X CF 



0, 04 0 

GiURH'GIGER 

X (H) XX(CIEXP) X CF X TF 



i) . 01 2 

#|R'M *T / H 




69,000 

E »1.0 + 

LOiGtP’Hil) / LO'G(2.0) 



0.926 

CTFU* (GLR'M 

/ F)X(<F'P'H X Z3i*,5)XX(E) -li 

).5XX (El ) 


5 , 3'b 7 


CIPS«UeLR'M/E) A( («#M X 
CHCI ■ Cl PS X n 
GD' 6 M R. Qifi,H 


Z3 ♦ 0.5) XX (E) -0.5XX (E) ) 


) / z? 


fl. I HO 
0,0 0 ? 
0.0 


w 

I 

<6 

S 

s. 


D 

03 

sr 

o 

3 

Q> 


CDWHENTS 105 


Rockwell Interi 


i'-ctoo-dv-gz §S 


TA.aiE B-S' 2 . Oi9i-Ol-.0b COTVFP-AVI0WICS* &U'^iMUli;.TiP'Lf:XF''> 
SQUH P'H|i0'T0'V'0-..TAI€ C»*2 




IMIP'UT 

P AiRAiMIE. I EPS 


INPUT COiEFFiC'itNTS 


T« 

5l54rO'tJG'Q0: 

. If* 

. . Q^Oa^iDM' . 

. CiilCEKP .0.1 02J'0 0. . 


M« 

3. O'O O'O'O’O 

QliH* 

0,(9 

CuiEXps 0, 109 0(110 


GIF* 

1 , 00 0 0 00 

Zl* 

10. 00 0 0 00' 

elCEK* 0,O'69OOO 


PHI* 

e.gi&ooO'G 

Z2* 

12'O'.<[IO'0’OOO 

Ci'LXi’s O.5&7(il0'G 


<R>« 

O.OiOO'GO 

Z3= 

<»5,0O't9O0O 



■DIF* 

0»00<0032 





GAiGiULATEO VALUES 



If'^iLLK'NiS 


e©«eiO;eER x 

'(T X DFlXX(CDiEXP). X CF 


0.021 

D3 

1 

Cl RW*C ICIER 

X (H) XX (GIEXP) 

X 'GF X TF 


(9 b 0 03 

\n 

\n 

#'R|M *]■ / H 




1710.000 


E 9i.0 * tO:6tPm')' / ^^G(2,CI) 

eTlFU*t€lL'»M / E)X((#RH X Zi*«S)XX(fi) -0,5XX(€H 


U.971 

37.27S 


eiPS*( (GtRM/'E)X t <#iRW X Z3 + P.SiXX tE) -0.&XX(P:)) ) / Z2 

©B€I B CI'P'S X R 
ee&M _« 'aiiw 
C®rtWENTS 106 


1 . 33 i« 


0 , f) 1 3 



3 

0 } 

sr: 

o 

HI 

CD 


Rockwell Inter] 


sp 78-AP-OO23-7 



TA«L€ B-93. O'9-01-P6 G£/TVFP-AVI QM GS i OiPl i eAL F ib€P 

5.&W P'N©T0V'0tTAK 0W'=2 



I NPiUT 

'PA'RAMiE If S'S 


1I#UT 

COiE.FF ICI t.Nl S 

T.» 

4.^Q0M 

TF? 

a ..PQQ0Q0 

CUCLF'.a 

li»2a7400: 


4 . a 000 00 


P.P 

CLiLXf's 

0.297000 

CF» 

l,O0OOOf) 

Zl* 

1 , y O':0 Q D O 

C'lCFPa 

0,01 Hi 49' 

piMl« 

p«9epo<oo 

12 * 

i2'W.0OPP'Q'0 

CUfX'pa 

1.000000 

R'» 

0.0'lPOOP 

Z3* 

4& * O'O'O'P P O 



DF* 

l.O'OO'O'OO 






e Aii G'Ui A T'E ID V AiL Uit S * » m I. L LI O'N 5 


OD«€®G'ER X (T X DiF} XX CGIDEX’P} X CF 


0.3b3 


OD CteMiwG ICIER X l"M) XX (GIEXP) X CF X TF 

r 

^ #RiM' »T / H 

E «1.0 * tOiG ('P'N'I } / t&'G(2,(5 ). 

CTry«|etRiH / EIXttXP'H X Zi4,5)'XX|E.) -P,5XXIEJ) 


0 .W 43 

UOPU 

0.971 

0 , 4 0 H 


G I P'S* ( ( CiL PiW/ E )‘ A (■ ■{ ARM' X Z 3 ^ 0 . S ) X X ( L ) - 0 , 5 X X ( L ) ') )' / Z? 

GRC I « GIP'S X P 

^0'iiM' S 0'JkH _ 

iw ? 


0 , (U 5 

(') . I'l 0 0 



COMMIE NT S 
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09-02-00 CARGO ORBITAL TRANSFER VEI9ICLE 
(COTV) - OPERATIONS CER's 

This clement includes the operations of the dedicated electric OTV 
for cargo transfer from LEO to GEO. Included are propellant resupply 
and replacement of thruster grids after each round trip. 

The CER's are based upon engineering estimates, see Table B-98. 
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10-01-^00 PEilSONNEL OTV - FLEET PROCUREMENT CER's 


This element Includes the personnel orbital transfer vehicle (POTV) 
aired to support cheekout, operations and maintenance of the SPS 
project. A common chemical (LOX/LH 2 } OTY was selected for transfer 
of personnel and priority cargo from LEO to GEO. 

The coiirmion stage OTV configuration selected is a scaled version of 
those concepts presented in the BAG FSTSA studies (Contract NAS 9-24323). 

The overall length, diameter, tank structures and docking mechanisms are 
identical. The only significant difference in both stages are the nuirib'er of 
engines; 4 for first stage and 2 for second stage. Earth launch in the 
HLLV consists of an integrated POTV and payload. 

Following the LEO-GEO mission, the spent OTV stages would be 
recovered in LEO by subsequent HLLV vehicles and returned to earth for 
refueling, refurbishment, and reuse. 

The CER^s are based upon cost data in the Boeing reports, see Table 8-99^ 
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10-02-00 PERSONNEL OTV - OPERATIONS CER's 


This element includes the operations of the POTV required to support the 
SPS project. It includes the POTV cost per flight to transfer personnel and 
priority cargo from LEO to GEO. It is estimated that k2 flights will be re- 
quired per SPS, see Table B-100. 

The GER's are based on cost data in the Rockwell SPS Contract (NAS8-32161) 
and in Boeing reports. 
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11-00-00 FAG IL [TIES GER's 


This elemenl: incltides major giround facilities req.uired to support develop- 
ment, production and O'rbital assembly and o:perations of the SiP'S systems* 

Included are major ground support facilities for orbital construction bases, 
major ground test facilities and giround laiunch and recovery facilities. 

Excluded are facilities that are part of other elements such as the ground 
station system site and facilities. 

Bonded warehousing will provide for S-PS and E0TV construction materials 
and spares. An initial requirement of 1^0,000 square meters of floor space 
ultimately will increase to 317iOQO square meters. Incoming material (rail, 
air, etc.) is off loaded, processed through receiving inspection, taken up on 
the computerized inventory co'ntrol system and then stoired in the appropr i ate 
warehouse facility. Maximum rate of incoming railroad traffic required to 
support construct ion and maintenance of space-based program elements is 
approxi ma tel y 5,5QO rail cars annually (excluding propel 1 ants) the peak occurs 
In the 30th year of the program (Santa Fe Rail car specification of 8G.3 foot 
boxcars and 88 foot flatcars with maximum payload capacities of lk0,Q00 kg and 
30u,000 kg respectively were utilized in establ i sk i ng requirements). 

When scheduled by the payload sehed'uling control center, const ruct ion 
materials, consumaibtes and spares are transferred to the payload preparation 
facility for packaging and airrariiging into payload units on 6><30 meter pallets. 
Electronic mod'Ules and other selected components will be functionally tested 
prior to packa.ging. The packaged payloads are then transported to and loaded 
Into the M'LLV prior to propellant loading and final HiLLV checkout. 

Propellamt storage facilities provide for cryogenic storage of MiLLV 
propellants and for argon which will be delivered to low earth orbit for use 
by the EOTV. 

The GontiR'UOUs growth In numbers of both base personnel and space crews 
througkout the 30 year program dictate the requirements for extensive facilities 
for medical, housing, training and administration. Incoming personnel must be 
trained a'nd assigned to respective fligiht or ground crews. Personnel returning 
from §0 days in orbit must undergo medical processing and them be reassigned to 
ground activities for a period of time before returning to orbital assignments. 

Facilities are also provided for processing and disposing of large amounts 
of packaging materials, failed and damaged hardwaire which will be returned from 
orbit by the HlLV^s* 
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The launch base facilities provide for receiving, storage aad processing 
of material and propellants; storage of ELV's sufficient for initial operations; 
refurbishment and checkout of returning ELV*s and personnel handling and admin- 
istration, A typical layout of am MTO^WLLV would require an area of less than 
20 km"’. This would provide the necessary runway length ptu'S over- run of km 
(20,000 ft) and a minimum separation of facilities from readiness area of 
i.5 km. Two aircraft type maintenance facilities will be utilized for in-line 
maintenance and service. Two add i t 1 onal " servl ce buildings will be required 
for off-line engine repl acement and takeoff gear refurbishment. Cargo and 
propellant loading/of f-load ing areas are reqiUired. 

Since initial HILV flight requirements are substantial, approximately 500 
flights during the first year, a fleet build-^up will be required prior to 
Initiation of the orbital phase of the program, A facility to store ^‘mothballed'* 
HLLV's during the build-up period will be provided. These facilities will also 
serve as a refurb i shment area for HLLV's returning from orbit. 

The facilities costing approach was ba'sed on engineering estimates that 
established values for D'DT&E requirements, estimates involving Investments for 
the TFU, and expansion of facilities to support the selected SPS option of 
120 satellites. See Tables B-101 through B-103. 
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12-01-00 PROPERTY TAXES CER's 


Th'is element iincliudes prsperfy faxes reilated to the ground sitQHon system 
eilement ©nily. Excliuded gne ground station system opeireiti'ens . 

The CER is based upon Soutihern Cailfornia Edison Company planning rates 
for property taxes, see table B-104. 
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table B-104. 12-r-l-OO S-Pf<Cf-£PTY 
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13-01-00 PROPERTY liNSURANCE CER's 

Thils element includes property insu>ran.ce re'loted to the ground station system 
element only. Excliuded ore ground station system operations. 

Tlie CER is based upon Southern GaMforniJo Edison Company planniing rotes 
for insuronee, see Table B-105. 
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APPENDIX C 

FINANCIAL AND OPERATIONAL CONCEPTS 


C.O INTRODUCTION 

This appendix provides a. detail description of the technical approach and 
final results that culminated in a recommended concept for the funding and 
organizational alignment of the SPS program. Specific information is included 
on the evolution of various concepts/ an analysis of the organizational roles 
and funding arrangements, data models, evaluation procedures, income statements, 
returns on investment, and cash flow performances* This appendix is in support 
of the summarized discussion of the recommended financial and operational con- 
cepts as presented in Volume VII (SPS Program Plan and Economic Analysis) , 
Section 3.4. 

C. 1 GUIDELINES, GROUND RULES, AND ASSUMPTIONS 

Pertinent background material and resource information was analyzed to 
form study guidelines, ground rules, and basic assumptions relative to projects 
of applicable size and scope that would involve the participation of government, 
electrical utility industry, and general industry. From this analysis, several 
important premises were established; 

• Financial and operational success of the projected satellite power 
system will stem, in part, from relevant space projects (space 
transportation systems, Spacelab, space industrialization xerograms, 
etc * ) 

• Investments in satellite power systems (space and ground segments) 
would be made after successful demonstration projects have been 
accomplished under government DDT&E funding of the first fully 
operational 5-^GW system. 

• Utilities will form regional consortia to provide funds for satel- 
lite power systems offering electrical power on a basis comparable 
to similar capability and overall costs in competitive power gen- 
eration. 


■ Industrial firms will form consortia to provide funds for space 
projects that present a comparable cost basis for similar capa- 
bilities on earth with the added benefits of improved quality, 
reliability, performance, life, and producibility , 

General assumptions and ground rules have been established for the SPS 
organizational entities, as proposed, based on the following considerations: 
(1) current views of the economic environment, total U.S. energy consumption 
and projection, and government funding levels that offer the opportunity to 
present and sell a we 11^ conceived SPS program; (2) the impact of an SPS-^type 
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program upon estimated Department of Energy, NASA, and other governmental fund- 
ing levels through 1S95, and beyond, warrants the consideration of a selected 
financial and operational concept over other considered concepts/options? 

(3) space industrialisation projects by the government-NASA, and U.S. industry, 
are necessary activities and should precede or parallel the SPS operational 
development; (4) utilities, via consortia funding participation, will be inter- 
ested and willing to invest in the SPS following demonstrated economic and 
operational feasibility; and (5) funding data and market/ investment data for 
government, utilities, and industry can be utilized for deriving investment 
participation between government, utilities and general industry. Additionally, 
a basic ground rule was established whereby the SPS will be a national corpor- 
ation^with varying roles, investments, and ownership by the government, elec- 
tric utilities, general industry, or the public— and that a considered approach 
would be developed for each contemplated, acceptable operational and financial 
arrangement. 

Figure C.l-l(a), based on Data Resources, Inc. (DRI) data, shows that 
United States energy consumption is expected to grow at a slower pace than 
real GWP. The figure compares the energy growth patterns of three scenarios 
for the next 25 years. Growth in consumption of electrical energy v/ill be much 
faster than for energy as a whole. Case A is a high-growth scenario that cor- 
resx^onds to the continuation of the conditions, attitudes, and policies that 
were typical of the 1950' s and 1960's. All conditions were generally favorable 
to growth, ang government policies were explicitly aimed at growth. For Case A, 
the high-growth scenario, this situation is assumed to continue; thus U.S. 
energy consumption will grow as depicted. In Case B, energy sux>plies are 



Figure C.1-1. Total U.S. Energy Consumption and Projection 
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assumed to be less readily available than for Case A. In Case C, it is antici- 
pated that a strong national conunitment will be made to allow a steady-state 
or low-growth society by the late 1980* s. A combination of voluntary actions 
and compulsory legal restraints is assumed to be necessary. Growth rates for 
GNPf total energy , and electric energy are indicated on the figure. The impact 
of a 120-SPS satellite program on U.S. energy consumption is readily discernible. 

Figure C.l-l(b) shows U.S. energy consumption for electricity under each of 
the scenarios discussed above for Part (a) of the figure. Growth in consumption 
of electrical energy will grow faster than energy as a whole? this is due to a 
continuation of past relationships. The growth in consumption of electricity 
is because of its superior convenience and versatility, flexibility in being 
able to use any basic energy source, slower rates of increase than for some 
competing fuels, and the need for the nation to achieve energy independence. 

The impact of the 120-SPS satellite program on U.S. electricity consumption is, 
again, readily discernible. 

Figure C.1-2 is a comparison of the DRI energy supply forecast with the 
Electric Power Institute (EPRI) forecast; this comparison is based on Scenario A 
only. Significant differences can be seen in the oil and natural gas projections, 
with EPRI being more optimistic regarding the increase in gas suiplies which will 
result from a removal of well-head prices. EPRI forecasts early decontroJ of 
domestic prices for both oil and natural gas. DRI price projections represent 
far more stable expansion paths. The impact of the 120-SP.j satellite program 
is shown, arbitrarily, against oil. 

(GHOUNDiRUliE; SUPPLIES AflE FULLY ADEQUATE TO SUPPORT EfieROV DEMANDS; AND HIGHED 
ffilCEk'NlLL CRWte A SURPLUS EHEHCY SUPPLY SITUATION'EVEN THOUCHiHIflH'GftOWTH PEMANO'CONTIKUESJ 



• - AStUMEtAN'AVEIIAOE OF HICH<mR0BTS AHDiHlGH'SGLF-SUFFlClENGY CASES THfiDUGH 1SS5i AND. AN AVERAGE OF HIGH GOAL 

AND HlaKiNUCtEAR>CASES'FDft YEAR 26 CO>AND'BEYdNO 

*'DRr-b&A^a'QN‘ASStmPTtDNS'OF MORE HEAHLY STABLE E^FANSiQN'PATHS WITH TRENOS WHICH DO NOT SHOW ONLY MAJOR VARIATIONS 
DUE TO TEMPORARY OiSEQUlLiefiATING FORGES. ENERGY RESOURCE LIMITATIONS'BECOWE DOMINANT AROUND 1985 AND THEREAFTER, 


Figure C.1-2. High-Growth Energy Supply Forecast (EPRI Vs. DRI) — Scenario A 
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C.2 PRELIMINARY FINANCIAL AND OPERATIONAL CONCEPTS 

Studies were conducted to identify several financial arrangements an*** 
practical approaches for the funding and operation of a satellite power system 
organization. Important premises, ground rules, and assumptions (as presented 
in Volume VII) were followed in the development of four preliminary concepts, 
as summarized in Table Major considerations are listed for (1) a national 

satellite power system (utility) company-^Geographic SPS Utility Consortia, DOE, 
NASA, etc.; (2) a national satellite power system corporation— based on the 
COMSAT concept (formed by an Act of Congress, etc-)r (^) ^ national satellite 
power system corporation — Federalized SPS Corporation (created by an Act of Con-^ 
gress, etc.); and (4) a national utility corporation for electric power via SPS 
(a variation of Concept 1) . Funding projections associated with each organiza*- 
tional approach and the expected sources of funding are also presented in the 
table. 


Table C.2’-l. SPS Preliminary Financial and Operational Concepts 



SPS-.RPASES 


\ 

FINANCIAL & \ 

OPERATJONAL \ 

^m<rm 



: OPERATIONS _ 


design, 

DEVELOPMENT, 
TEST & 
EVALUATION 

initial 

CAPITAL 

INVESTMENT 

REPL-AGEHENT 

CAPITAL 

INVESTMEia 

OPERATIONS i-- - 
MA'INTENANCE. 
TAXES AND 
INSURANCE 

remarks 

I -national satellite 

POWER SYSTEM 
COMPANY 

■ \QQ% FUNDING 
liY DUL/NASA 

• m FUNDING OF OPERATIONAL SYSTEM BY DOE 

• tiOi. FUNDING OF OPERATIONAL SYSTEM BY OTILITV 

CONSORTIA 

• mot FUNOPNG OF TRANSPORTATION SYSTEM BY -TUU 

• l6b% FUNDING OF LAND AND GROUND SYSTEMS BY 

UTILITY consort! A 

nVL CLOGRAPHIC SPS 
UMLITV CONSORTIA 

U ^NATIONAL SATiELLI'TE 
POWER SrS'TEH 
CORPOfiATlOH 

• 100X EUNOIHG 
BY OOE/IIASA 

• UTILITY CONSORTIA FUNDING/EQlHTY PARTlClPATIONwTBD 

• INDUSTRIAL CONSORTIA FUNDING/EQUITY PARTICIPATION- 

TBD 

• POTENTIAL PUBLIC PARTICIPATION VIA PUBLIC STOGK-TBD 
> loot FUNDING OF TMNSPORTATibN SYSTEM. BY -TOLL 

ilASCO ON COMSAT 
CONCEPT - CREATED BY 
An act of GOfiGRESS 
ifPUaLlC LAW 

UT-MATIONAL SATELLITE 
POWER SYSTEM 
AUTHORITY 

« loot FUNDING 
BY DOE/NASA 

1 GOVERNMENT FUNDING OF SPS SYSTiEH WITH PARTieiPATlON 
BY UfiLltlES AND PUBLIC 

• 100S FUNDING OF TRANSPORTATION SYSTEM BY-TBu 

• Uf ILltlES/of ILITY GONSORtW BUY EL-EGTiRIC POWER 

FROM SPS AUtHORITY 

CREATED BY Ah *'CT 
OF CONGRESS (PUQlIC 
LAW) - FEDERALIZED 
SPS CORPORATION 

TV -NATIONAL UTILITY 
CORPORATION FOR 
ELECTRIC POWER VTA 
SPS 

• mot FUNDIHC 
BY DOE/RASA 

■ UTILITY GONSORTTA TOQS FUNDING OF SPS OPERATIONAL 
SYSTEM WITH PUBLIC PARTIGIPATION 
f mot FUNbiNG OF TRANSPORTAf iON SYSTEM BY -TbU 

GEOGRAPHIC SPS 
.UTILITY CONSORTIA - 
'VARTATION OF CONCEPT 
I 


Continued analyses of these preliminary concepts, discussions with SCE 
(Southern California Edison) , NASA/MSFC, and EPRl personnel; and literature 
studies of DOE, NASA, JPL, and EPRi doeumentation resulted in the expansion of 
these basic concept formations and interrelationships of each approach. For 
example, in the meeting with SCE personnel, discussions were held on the finan- 
cial and organizational concept/option that would be best suited to the utility; 
the kind of participatory role that would meet their needs; how such a concept 
might be implemented; the capital investment approach; the effect of local, 
state, and federal regulations and considerations on taxes and insurance; cash 
flow concepts; depreciation factors; and the pro forma approach. SCE also 
described their operations, methods of obtaining funds, and how organizational 
alignments were formed with other utilities in the generation/distribution of 
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power. SCE felt that the idea of a utility consortia for the SPS would be more 
desirable once the SPS concept was proved to be economically and operationally 
feasible. An analysis was also completed on the TVA {Tennessee Valley Authority) 
organizational and funding concept. TVA was created by an Act of Congress to 
advance the economic development of the Tennessee Valley Region, and all func- 
tions of the TVA are vested in a Board of Directors appointed by the President 
with the consent of the Senate. It is wholly owned by the government, and the 
electric power program is required to be financially self-supporting. TVA 
finances its capital needs from earnings and bonds. 

C.3 PREFERRED CONCEPTS 

The investigation and assessment of various elements fundamental to each 
of the four preliminary options culminated in the identification of preferred 
concepts. The National Satellite Power System Corporation and the National 
Utility Corporation for SPS Electric Power represent these two viable approaches 
of joint ownership and financial and operational alignment. Fundamentally, both 
concepts are similar in the funding of DDT&E and the transmission/distribution 
phases for the SPS program. One hundred percent funding of DDT&E is projected 
for DOE and the NASA with specific charters and responsibilities to be developed 
relative to the capabilities of each organization. In addition, groups such as 
the EPRI were planned to participate in the DDT&E activity as a means of being 
directly involved with the research and development process and the design char- 
acteristics of power generation from the SPS. This membership would also facil- 
itate the exchange of technical knowledge with the utilities as the program 
progresses, and provide a direct interface with participating utility consortia 
on the subject of power transmission and distribution; 100 percent of the fund- 
ing for transmission/distribution interfaces and the required facilities would 
be provided by the utility consortia. 

Funding for the SPS capital investment and operation s/maintenance phases 
for each SPS would be provided by the government under the National Satellite 
Power System Corpora bion concept. The utilities or utility consortia would 
then buy electric power from the SPS. Whereas, under the concept of a National 

Utility Corporation for SPS Electric Power, 100 percent of the funding for earth- 

based investments, the fabrication and assembly of all SPS’s, and the maintenance/ 
operations phases would be provided by a number of utility consortia. These data 

ai*e summatrized in Table C.3-1 for each of the preferred concepts, with additional 

discussion in Tables C.3-2 and C,3-3. 

Criteria for the evaluation of identified financial and operational con-' 
cepts/options focused on SPS business development planning strategies/formats 
consistent with the objectives of: (1) maximizing return on investments and 

other resources; (2) matching expenditures with the SPS operational entity and 
its business development plan strategies; (3) stability and management/control 
of funding? and (4) appropriate concern over revenues, returns, probability of 
successful market penetration, and investments/costs. 
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Table C-3-1. SPS Preferred Financial and Operational Concepts 



— — — 

SPS PHASE 


PREFERRED 

CONCEPTS 

DESIGN, DEVELOP., 
TEST e EVALUATION 

INVESTMENT 

OPERAT|QN_S .. 

TRANSHISSIOti/ 

.BlSTRieUTtON 

NATIONAL SATELLITE 
POWER SYST GORP— 
CREATED BY ACT 
OF CONGRESS 
(PUBLIC LAW) 

100% FUNDING BY 
DOE/NASA WITH 
EPRI PARTICr RA- 
TION IN PLANNING 

• 100% GOVERNMENTAL FUNDING OF 
SPS CAPITAL INVESTMENT, OPER- 
ATIONS AND MAINTENANCE 

• 100% FUNDING OF SPACE TRANS- 
PORTATION SYSTEM— TBD 
(E.G., HLLV, OTV) 

• UTILITIES OR UTILITY CONSORtA 
BUY ELECTRIC POWER FROM SPS 
CORPORATION 

100% FUNDING BY 
UTILITY CONSORTIA 

NATIONAL UTILITY 
CORPORATION FOR 
SPS ELECTRIC 
POWER 

100% FUNDING BY 
DOE/NASA WITH 
EPRI PARTICIPA- 
TION IN PLANNING 

• 100% FUNDING OF SPS CAPITAL 
INVESTMENT, OPERATIONS, AND 
MAINTENANCE BY UTILITY 
CONSORTIA 

100% FUNDING BY 
UTILITY CONSORTIA 


Table C-3^2, Organisational and Funding Concepts for 
a National SPS Corporation 


• CREATED BY AN ACT OF CONGRESS (PUBLIC LAW) ^FEDERAL! 2 ED NATIONAL SATELLITE P^WER SYSTEM 

CORPORATION 

• SPS FUNDING 

- DOr 'NASA/EPRI , 100% OF DDT&E 

^ SPACE IRANSPORTATION SYSTEHS-^TBD 

- INVESTMENT AND OPERATIONS FUNDING OF SPS BY GOVERNMENT (PUBLIC) 

/ GOVERNMENT FUNDING OF THE SPS SYSTEM VIA THE ASSUMPTION THAT SPS CAN BE FUNDED 
IF NATION'S ECONOMY GROWTH CONTINUES, BASED ON CONTINUED GROWTH AND PRESENT 
TAXATION POLICIES, MONIES WILL BECOME AVAILABLE AS A RESULT OF OUR NATIONAL 
REVENUE SYSTEM, FOR EXAMPLE, THE IMPACT OF DEFENSE AND DISARMAMENT POLICl'ES ON 
THE NATION MAY RELEASE MONIES FOR OTHER PURPOSES, 

/ UTILITIES OR UTILITY CONSORTIA BUY ELECTRIC POWER FROM THE SPS CORPORATION 

- TRANSMISSlON/DiSTRiBUTlON FUNDING BY UTILITY CONSORTIA 


Table C,3-3, Organizational and Funding Concepts for a 
National Utility Corporation for Electric Power via SPS 

• GEOGRAPHIC SPS UTiLJTY CONSORTIA 

• SPS FUNDING 

- DOE/NASA/EPRI , 100% FUNDING OF OOTSE 

- SPACE TRANSPORTATION SYSTEMS^TBD 

- UTILITY CONSORTIA, i00% FUNDING OF SPS INVESTMENT AND OPERATIONS OF SYSTEM 

/ INITIAL SPS FUNDING 100% BY UTI'LITY CONSORTIA THROUGH 20 SATELLITE SYSTEMS. 
STOCK IS ISSUED FOR UiTILITY EdUiTY POSITIONS IN THE NATIONAL UTILITY CORP. 

/ 50 SATELLITE-SPS FUNDING REQUIREMENTS MET BY THE RESPECTIVE GEOGRAPHIC 
UTILITY CONSORTIA VIA UTILITY GORP, STOCK OFFERING TO THE PUBLIC, 

/ SUBSEQUENT SPS FUNDING REQMT5 MET VIA SECONDARY STOCK ISSUES OR LTD 
ARRANGEMENTS BY THE RESPECTIVE UTILITY CONSORTIA 

- TRANSHISSION/DISTRIBUTION FUNDING BY UTILITY CONSORTIA 
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C.4 RECOMMENDED SPS ORGANIZATIONAL AND FUNDING CONCEPT 

Of the six financial and operational concepts proposed for consideration, 
subsequent investigation and evaluation resulted in the selection and refinement 
of a single concept. The organizational entities that would be formed and funded 
are summarized below. 

National SPS Space Segment Corporation (Federally Owned) 

Organizational Roles 

The National Satellite Powei: System Space Segment Corporation (a federally 
owned corporation) would be created by an Act of Congress (public law) to under- 
take all DDT&E activities and to demonstrate an operational satellite power sys- 
tem and ground system/rectenna site. 

The National SPS Space Segment Corporation would, after a successful 
operational demonstration, proceed to complete the 120 SPS systems. 

Utilities would be asked and expected to form a geographical SPS Ground 
Segment Utility Consortia Corporation to fund the gr“ound segment — rectenna 
sites/installations and transmission/distribution roles, 

EPRl and TVA would participate with the Depax-tment of Energy, NASA, and 
the utilities in planning and manageanent activities, 

SPS Sparr* Segment Funding — Investment and Operations 

Funding will be provided by the Department of Energy and NASA, witli some 
participation by the utilities via EPRI for 100 percent of DDT&E through demon- 
stration of a total operational SPS. Funding for Department of Energy will be 
available ' ici the assumption that SPS can be funded if the nation’s economic 
growtli continues. Based on continued growth and present taxation policies, 
monies will become available as a result of our National Revenue System, Again, 
tlie impact of defense and disarmament policies on the nation may release monies 
for SPS oi~ other purposes. 

Funds/revenues will also be provided by utilities or utility consortia 
purchasing electric power fx'om the National SPS Space Segment Corporation* 

The National SPS Segment Corporation will be required to become financially 
self-supporting* It will be expected to finance its capital needs from earnings 
and tlie sale of bonds within the first ten years of operations. 

DDT&E costs will not be charged to the SPS Space Segment Corporation’s 
operations since other space programs will also have benefited from this DDTSE, 
and an appropriate derivation of such an allocation cannot be made at this 
time. 
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SPS Ground Segment Utility Consortia Corporation 
Organizat-ional Roles 

The SPS Ground Segment Utility Consortia Corporation (a national utility 
corporation formed by geographic SPS utility consortia) would be created to 
undertake funding of operational rectenna installations and to perform trans- 
miss ion/distribution operations. 

The SPS Ground Segment Utility Corporation would participate with the 
Department of Energy, NASA, TVA, and others {via EPRI) in planning and manage- 
ment activities. 

The SPS Ground Segment Utility Corporation would purchase electric power 
delivered to the rectenna sites of the geographic SPS utility consortia from 
the SPS Space Segment Corporation. 

SPS Ground Segment Funding — Investment and Ox:serations 

The SPS Ground Segment Utility Consortia Corporation would participate in 
SPS DDT&E phases through EPRI, This membership (EPRI) will facilitate the 
exchange of technical knowledge with the utilities as the program progresses 
and provide a direct interface with all participating utility consortia witii 
irespect to rectenna sites/installations, power transmission and distribution. 

All funding of the opersitional rectenna sites/installations and for trans- 
mission and distribution interfaces and the required facilities will be provided 
by utility consortia via the SPS Ground Segment Utility Consortia Corporation, 
which is the vehicle for buying electric power from the SPS Space Segment, 

Funds for the SPS Ground Segment Utility Consortia Corporation would come 
via the equity positions taken by utilities in this organizational entity. 
Participating utilities would raise funds through common stock offerings 
(secondary issues), preferred stock issues, and long-term debt (issuance of 
bonds) as necessary to support the extent of their desired/or available elec- 
tric power participation. Thus, utilities within the SPS consortia would 
obtain equity in the SPS Ground Segment Corporation based on the degree of 
their need and ability to provide funding to this entity through the issuance 
of additional common stock, preferx^ed stock, and/or through long-term debt. 

C.S CRITERIA FOR EVALUATION OF PREFERRED FINANCIAL AND OPERATIONAL CONCEPT 

National SPS Space Segment Corporation (Federally Owned) 

Genex'al Criteria for Financial and Operational Evaluation 

Revem es — Revenues should be based on a cost to the electric utilities 
(SPS Ground Segment Utility Consortia Corporation) that will be sufficient to 
permit the write-off of capital investments, cover operational expenses, and 
provide a suitable profit on operations. 
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Profi tabil i tg — ^Profitability of the entity should be a percent of revenues 
which is high enough to provide a satisfactory return on net assets employed 
(investment) , and permit investment recovery within the planning period (via 
cumulative net cash flow) . 

Inv&stments/Costs Funding ' — The entity should be able, within ten years of 
operation, to generate sufficient funds via cash flow to finance at least 40 
percent of its capital investment requirements. Not more than 60 percent of 
capital investment shall be obtained by long’^term debt (bond issues) . 

Figures of Merit 

Net income divided by average net assets employed should be ^6 percent 
return on investment; or, percent return on revenues times the net asset 
turnover - ROI of ^6 percent. 

Investment recovery via cumulative net cash flow should be achieved by 
the year 2029 (120 SPS systems operational) . 

Returns on revenues should exceed 15 percent in order to provide a satis- 
factory KOI and permit investment recovery (via cumulative net cash flow) * 

SPS Ground Segment Utility Consortia Corporation 

General Criteria for Financial and Operational Evaluation 

Revenues — Revenues should be based on a cost per kilowatt-hour which will 
be comparable to other foms of competitive power generation systems. Revenues 
should be sufficient to permit the write-off of capital investments, cover oper- 
ational expenses, and provide a suitable profit on operations. 

Prof 1 tahi litg — ^Profitability of this entity should be a percent of revenues 
which is high enough to provide a return on investment (KOI) levels for electric 
utilities, and permit investment recovery witliin the planning period (via cumu- 
lative net cash flow) . 

Inve&tments/Costs Funding — The entity should be able, within ten years of 
operations, to generate sufficient funds via cash flow to finance at least 
40 percent of its capital investment requirements. Not more than 60 percent 
of capital investment shall be necessary via common stock, preferred stock, and 
long-term debt (bond issues) by tlie participating utility consortia to fund tlie 
SPS Ground Segment's capital requirements. 

Figures of Merit 

Net income divided by average net assets employed (ANAB) should be y.0% 
return on investment (KOI) , or percent return on revenues times net asset 
turnover - ROI 

Investment recovery via cumulative net cash flow should be achievable 
within the first 25 years of investment and operations of the 120 SPS opera- 
tional systems. 
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Returns on revenues should exceed 15 percent in order to provide a satis- 
factory ROi and permit investment recovery (via cumulative net cash flow) • 

C.6 FINANCIAL AND OPERATIONAL DATA MODELS— COMPUTATION METHODOLOGY AND 

GENERAL EVALUATION OF RESULTS 

Computation Assumptions and Financial Data Structures 
Limitation of Financial and Operational Data Model 

At best, any financial or economic model is only a very approximate reflec- 
tion of reality* However, such a model as has been utilized herein does provide 
a structural and internally consistent framework for evaluation of the financial 
and operational performance of the two proposed entities that could be utilized 
to implement the SPS program. In that sense, it can be useful in developing 
alternative views of the future for the SPS Ground Segment Utility Consortia 
concept and the National SPS Space Segment Corporation (federally owned) concept. 

SPS Ground Segment Utility Corporation Concept 

The SPS system schedule buildup to 120 satellites was utilised to derive 
the potential revenues based upon a total cost of 30 mills and 40 mills per 
kilowatt-hour to the busbar. The electricity charges of 30 mills and 40 mills 
per kilowatt-hour are utilized in the calculations to detemine the extent of 
amortization possible for the SPS system costs. Overland transmission costs 
and distribution costs have not been included in tlie electricity generation cost 
calculations. Income statements, assets-employed statements, and cash flow 
performance statements were developed for these two financial models. 

Income Statement (based on 30 mills/k^h ) — For the SPS Ground Segment Util- 
ity Consortia Corporation concept, data were developed using computational 
methodology applicable to utilities, generally, and then deriving ratios that 
could be applied to total revenues and thus create an income statement* The 
elements of the income statement and pertinent ratios (based on 30 mills/kWh) 
are: 

Without ITC {%) Witli ITC (%) 


Total revenues 

100.00 

100.00 

Operating expenses 

Purchased power (purchased from 

Ratio (% 

of Revenues) 

National Space Segment Corpora- 
tion (federally owned) 

61.776 

61,776 

Operations and maintenance 

0.475 

0.475 

Depreciation and amortization 

7.000 

7.000 

Interim repiaceinent 

0.848 

0.848 

Property insurance 

0,098 

0.098 

State and local taxes 

2.743 

2.743 

Interest costs (imputed) 

8 . 000 

8.000 

Income taxes 

4.000 

4.000 

Income tax credits 

0 

(1.290) 

Total operating expenses 

84.940 

83.650 
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Without ITC (%) With ITC (%) 

Operating income 
Other income 

Research and development costs 
Total net income 


15.060 
TBD 
TBD 

15.060 


16.350 

TBD 

TBD 

16.350 


These ratios for the income statement have been tested against various 
utility financial statements and found to be representative of the contents of 
such statements over a period of years. They have been used in the model to 
provide a useful financial picture based on preliminary SPS schedule and cost 
data. Special consideration was given to appropx'iate SPS elements as necessary 
to derive useful ratios . 


Income Statement (based on 40 mllls/kWh) 



Without ITC (%) 

With ITC (%) 

Total revenues 

100.00 

100.00 

Operating expenses 

Ratio (% of 

Revenues ) 

Purchased power (purchased from 



National SPS Space Segment Corp. 
(federally owned) 

66.279 

66.279 

Operations and maintenance 

0,356 

0.356 

Depreciation and amortization 

5.250 

5.250 

Interim replacement 

0,636 

0.636 

Property insurance 

0.073 

0.073 

State and local taxes 

2.057 

2.057 

Interest costs (imputed) 

6,000 

6.000 

Income taxes 

3.800 

3.800 

Income tax credits 

0 

(0.968) 

Total operating expenses 

84.451 

83.483 

Operating income 

15.549 

16.517 

Other income 

TBD 

TBD 

Research and development costs 

TBD 

TBD 

Total net income 

15.549 , 

16.517 


In this model, 40 mills/kWh is used to improve revenues and income to the 
National SPS Segment Corporation from the Ground Segment SPS Utility Corpora*- 
tion concept. Only the cost of purchased power increases for the SPS Ground 
Segment Utility Corporation concept. All other operating expenses (dollars) 
are the same, although the ratios (percent of revenues, percent of return 
or net assets employed) change* 

Assets-Smi>loLjed Statement — The assets-employed statement was developed 
using a typical electric utility format for total assets: utility plant, other 

property and investments, and current assets. However, the capitalisation and 
liabilities portion of the statement was designated as "liabilities and invest- 
ments" and considers only current liabilities and investments— investments 
consisting of cumulative income (or loss) applied to the investment, and total 
investment requirements as shown via the cash flow statement. The assets- 
employed statement is the most useful way to show utility consortia the total 

C-11 


SD 78-AP-0023-7 





Rockwell International 

Space DKMon 


investment picture. From such a statement, plus the cash flow statement, it is 
relatively easy to determine financing based on common stock, preferred stock, 
and long-term debt considerations, 

iTotal Assets — The utility plant, other property , and investments were 
determined from preliminary acquisition cost estimates for this entity. The 
time^phasing of these capital investments was determined from the SPS rectenna 
site completion schedule and the use of NASA CER progress factors to arrive at 
at approximation of the probable, incurred annual costs. Depreciation and 
amortization reserves for the scheduled investment are those expenses indicated 
in the income statement. 

Current assets were derived as a ratio of total revenues {after a nominal 
consideration for sme current assets acquired prior to receipt of revenues) * 

This overall ratio considered all the elements of cash requirements, receiv- 
ables, materials and supplies at average cost, prepayments, and other items 
(taxes, insurance, etc.). This current asset ratio is approximately 25,2 percent 
of total revenues- 

Liabilities and Investment — Current liabilities were derived as a ratio of 
total revenues (after a nominal consideration for some current liabilities 
acquired prior to receipt of revenues) . This overall ratio considered all the 
elements of accounts payable, accrued salaries and wages payable, taxes accrued, 
energy cost adjustment balancing account, interest accrued, and other items. 

The current liability ratio works out to be approximately 18,2 percent of total 
revenues (or about 72% of current assets) , 

Investment is a combination of investment requirements and the cximulative 
net income (or loss) applied to the investment requirements. The combination 
of income (or loss) and investment requirements, added algebraically, repre- 
sents the total investment. This total investment is commonly referred to as 
the net assets employed. The investment requirements are the cumulative net 
cash flow summarized in the cash flow performance summary statement. 

Current liabilities plus total investment equals total assets. The invest- 
ment requirements (cash requirements) are normally satisfied via common stock 
offerings for shareholders* equity, paid-in capital, earnings reinvested in the 
business, preferred stock issuance, and/or financing agreements with banks via 
promissory notes payable, first mortgage and collateral trust bonds {long-term 
debt arrangements) . 

•Net assets employed consist of the cumulative utility plant and property 
investments at acquisition cost, less the accumulated reserve for depreciation 
and amortization (net plant and property) ; and net working capital, which is 
the difference between current assets and current liabilities, NOTE; The 
ability of an SPS Ground Segment Utility Consortia Corporation to meet its 
obligations, expand its business volume, and take advantage of increased 
business opportunities will be tied to its net working capital - 

•Return on average net assets employed » The average net assets employed 
consists of averaging the net assets employed for the first two years and add- 
ing the third year to the second year and averaging again, and so on until 
completed for the program period. Return on average net assets employed is 
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computed either by dividing the revenues by the average net assets employed ^ 
to determine the turnover ratio, and multiplying the turnover ratio by the 
percent of profit {return on revenues) ? or by dividing the profit dollars by 
the average net assets employed. 

Cash Floy Performance Suim^ry Statement — The cash flow performance summary 
statement is a summary of operating results, investments, and working capital 
changes (A±); and presents annual net cash flow data and cumulative net cash 
flow data* 

• Operating- results. Net income (or loss) added algebraically to depreciation 
and amortization and other non*cash deductions (if any) provides an annual basic 
cash in- flow. These funds, generated by operations, are then utilized to offset 
outlays for capital investments and increases in working capital. These funds 
are a measure of the ability of the SPS program to help finance its expansion 
and provide for investment recovery, 

• Investments . This includes construction expenditures, new capital acquis- 
itions, land and buildings, and other items which must be capitalized and depre- 
ciated or amortized {except land) . These investments are shown as annual cash 
outlay requirements. 

• RTorking capital changes fA±; . Working capital changes are tlie increases 

or decreases between successive years for current assets and current liabilities. 
Increases between successive planning years of current assets are a minus (-) 
figures, while decreases are a plus (t) figure. Increases in current liabilities 
between successive planning years are a {+) figure (i.e., using funds free, owned 
externally) , while decreases are a {-) figure. 

• Annual net cash flow* This annual figure is the result of the cash inflows 
applied to the capital investments and tlie changes (Al) in working capital. It 
indicates the amount of financial investment that must be made each year if neg- 
ative. If a positive figure results, it indicates the cash flow amount that is 
available to offset previous negative figures; or, to apply to new investment 
opportunities . 

• Cumulative net cash flow* The annual net cash flow figures, when added 
cumulative, indicate the cumulative investment (cash outlay) requirements, the 
period where cash flow requirements are at a maximum (maximum exposure and risk) ; 
the period when, as annual net cash flows become positive, investment recovery 
begins; and, when investment recovery is accomplished, i.e., the length of time 
to recover the investment. 

National SPS Space Segement Corporation Concept (Federally Owned) 

The National SPS Space Segement Corporation schedule buildup was utilized 
to derive the potential revenues based on a total sales value of 30 mills/kWh and 
40 mills/kV?ii by the SPS Ground Segment Utility Corporation concept. Separate 
income statements, assets employed statements, and cash flow performance state- 
ments were developed for these two financial models. 
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Xucoine statement fBased on 18 mllls/kWh } — For the National SFS Space 
Segment Corporation concept, data were developed using computational methodology 
that would be applicable to such a corporation, wholly owned by the federal gov- 
ernment; and, then deriving ratios that could be applied to total revenues and 
thus create an income statement. The elements of the income statement and the 
ratios (percent of revenues) for the operating expense items are as follows: 


Power sales and revenues 


100-00% (the price to SPS 

Ground Segment Utility 
Consortia Corporation 
concept) 


Operating expenses 


Ratios (% of Revenues) 


Satellite power production 
Satellite system interim replacement 
Satellite system operations and maintenance 
HLLV space transportation system interim 
replacement 

HLLV space transportation system O&M 
Space station interim replacement 
Space assembly/support facilities 
interim replacement 

Intra-orbit vehicle interim replacement 
Intra-orbit vehicle O&M 
Cargo arbiter transfer vehicle expense 
Personnel orbiter transfer vehicle expense 
Personnel orbiter transfer vehicle O&M 
Facilities — interim replacement 
Depreciation and amortization 
Payments in lieu of taixes 
Social security taxes (@ $1500 per year 
per emp loy ee ) 


(24.5995) 
( 6.1802) 
( 3.7164) 

{ 0.6653) 
( 2,7777 
{ 5.1957) 

( 0.5000) 
C 0,0304) 
( 0.0003) 
( 0.0357) 
( 0.0103) 
{ 0.0554) 
( 0.2230) 
(26.1400) 
( 5.0000) 


( 1.4800) 


Total operating expenses 


(76.6099) 


Operating income (23*3901) 

Other income TBD 

Total income (23,3901) 

Research and development expense TBD 

Income before interest expense (23.3901) 

Interest expense (imputed) ( 8,0000) 

Total net income (15.3901) 


The ratios for the income statement have been derived from SPS cost data 
and tested against the program for validity and compared with a variety of elec- 
tric utility ccanpanies including TVA material. These ratios have been used in 
the models to provide a useful financial picture based on preliminary SPS sched- 
ule and cost data. Special consideration was given to appropriate SPS elements 
as necessary to derive useful ratios - 
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Income Statement (Based on 27 mills/ kWh) 


Pover sales and revenues 


Opera-ting expenses 


100.00% (the price to SPS 
Ground Segement 
Utility Consortia 
Corporation concept) 

Ratio {% of Revenues) 


Satellite power production 
Satellite system interim replacement 
Satellite system operations and maintenance 
HILV space transportation system interim 
replacement 

HLLV space transportation O&M 
Space station interim replacement 
Space assembly/support facility interim 
replacement 

Facilities — interim replacement 
Intra-orbit vehicle interim replacement 
Intra^orbit vehicle O&M 
Cargo arbiter transfer vehicle expense 
Personnel orbiter transfer velaicle expense 
Personnel orbiter transfer vehicle O&M 
Depreciation and amortization 
Payments in lieu of taxes 
Social security taxes 

Total operating expenses 

Operating income 
Other income 
Total income 

Research and development expense 
Income before interest expense 
Interest expense (imputed) 

Total net income 


(31.2389) 
{ 4.3224) 
{ 2.5992) 

( 0.4653} 
( 1.9427) 
( 3.6338) 

{ 0.3497) 
( 0.1560) 
( 0.0213) 
( 0 . 0002 ) 
( 0.0250) 
( 0,0074) 
{ 0.0388) 
(18.2822) 
( 3.4970) 
( 1.0351) 

(67,6150) 


TBD 

(32.3850) 
TBD 

(32.3850) 
( 5.6000) 

(26.7850) 


Assets^Employed Statement — The assets-employed statement for the National 
SPS Space Segment Corporation (federally owned) was devised from analysis of 
financial data of various electric utility companties, including TVA. Total 
assets include all elements of the space segment, other property and invest- 
ments, and current assets. However, the capitalization and liabilities portion 
of the assets-employed statement was designated liabilities and investments" 
and considers only current liabilities and investments — investments consisting 
of cumulative income (or loss) applied to investment, and total investment 
requirements as shown via the cash flow statement. The assets-employed state- 
ment is the most useful way for the governmental agencies (DOE and NASA) to 
view the total investment picture for this federally owned corporation concept, 
and to determine to what extent it should issue bonds, notes, and other evi- 
dences of borrowings/ indebtedness, etc., to finance the National SPS Space 
Segment Corporation concept. NOTE: It is anticipated that the National SPS 
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Space Segment Corporation concept via an SPS Act would require that such a 
corporation charge rates for power supplied to the Ground Segment Utility 
Corporation concept which will produce gross revenues sufficient to provide 
funds for operation, maintenance, and administration of its power system; 
payments to states and counties in lieu of taxes; specified fixed charges 
associated with debt financing and U.S, Treasury payments; and a margin deter- 
mined by the board for total investment in SPS power system assets. It is 
anticipated that an SPS Act further would require that rates be set as low as 
feasible, yet ensure that return on investment be commensurate with a reason- 
able return for such an electric utility entity owne-^ by the federal government. 

Total Assets — The utility plant, other property, and investments were 
determined from the preliminc?ry cost estimates for this entity. The time- 
phasing of these capital investments was determined from the SPS Spac;e Segment 
start and completion schedule and the use of NASA CER progress factors to 
arrive at an approximation of the pcobable, incurred annual costs. Depreci- 
ation and amortization reserves for this scheduled investment are those expenses 
indicated in the income statement. 

Current assets were derived as a i.^^tio of total revenues (after a nominal 
consideration for some current assets acquired prior to receipt of revenues) . 

This overall ratio considered all the elements of cash requirements, receivables, 
supplies and materials, and prepaid expense items. This current asset ratio 
is calculated as approximately 25.0 percent of total revenues. 

Liabilities and Jnvestment — Current liabilities were derived as a ratio 
of total revenues (after a nominal consideration from some current liabilities 
acquired prior to receipt of revenues) . This overall ratio considered all the 
elements of accounts payadile, accrued salaries and wages payable, accruals for 
payment to the U*S. Treasury, interest accrued, and other items. The current 
liability ratio to total revenues has been estimated to be approximately 18*0% 
of total revenues (or 72% of current assets) - 

Investment is a combination of investment requirements and the cumulative 
net income {or loss) applied to the investment requirements. That is, the 
combination of cumulative income (or loss) and investment requirements, added 
algebraically, represents the total investment. This total investment is what 
is known as the net assets employed (net SPS plant and property plus net work- 
ing capital) . The investment requirements are summarized in the cash flow 
performance summary stat^ent* 

Current liabilities plus total investment equals total assets. The invest- 
ment requirements (cash requironaents) for the SPS Space Segment entity, are 
anticipated as being satisfied initially through governmental appropriations 
and, subsequently, via proceeds frcan borrowing. Proceeds would be used to 
finance that portion of investment or capital outlays in excess of available 
SPS proceeds after interest, to operations, Treasury payments, and changes in 
working capital . 

Net assets employed consist of the cumulative SPS Space Segment plant and 
property investments at acquisition cost, less the accumulated reserve for 
depreciation and amortization (net plant and property value); and, net working 
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capital, which is the difference between current assets and current liabilities* 
NOTE: The ability of the National SPS Space Segment Corporation to meet its 

obligations, expand its energy services volume, and to become self-supporting 
and self-financing depends upon its power proceeds and borrowings secured by 
future revenues. 

The average net assets employed are derived by averaging the net assets 
employed for the first two years, and adding the third year to the second year 
and averaging again, and so on until completed for the program period. 

Return on average net assets employed is computed either by dividing the 
revenues by the average net assets employed to determine the turnover ratio, 
and multiplying the turnover ratio by the percent of profit (return as 
revenues) ; or, by dividing the profit dollars by the average net assets 
employed . 

Cash Flow Perfoxmance Summary Statemont — The cash flow performance sxmunary 
statement is a summary of operating results, investments, and working capital 
changes (A±) ; and presents annual net cash flow data and cumulated net cash 
flow data, 

• Operating results^ Net income {or loss) added algebraically to deprecia- 
tion ana amortization and other non-cash deductions (if any) provides a basic 
cash in-flow. These funds, generated by operations, can be used to offset 
outlays for capitalized property and increased >:orking capital . These funds 
are a measure of the ability of the SPS program to help finance its expansion 
and provide for investment recovery, 

• Investments. This includes construction expenditures, satellite power 
systems, space transportation systems, space asseirbly and support facilities, 
ground launch facilities, landing sites for launch vehicles, and other land 
and building investments* These j.tems must all be capitalized and depreciated 
or amortized (except land). These investmen’s are shown as annual cash outlay 
requirements. 

• Working capital changes , Working capital changes are the increases 
or decreases between successive years for current assets and current liabilities 
Increases between successive planning years of current assets are a minus {-) 
figure while decreases are a plus (+) figure. Increases in current liabilities 
between successive planning years are a t figure (i*e., using funds free, ow. 
externally) while decreases are a - figure. 

• Annual net cash flow. This annual figure is the result of the cash in- 
flows applied to the capital investments and the changes (A±) in working capital 
It indicates the amount of financial investment that must be made each year if 
negative. If a positive figure results, it indicates the cash flow amount that 
is available to offset previous negative fitures; or, to apply to new investment 
opportunities , 

• Cumuiative net cash flow* The annual pet cash flow, when added cumula- 
tively, indicates 5 the cumulative cash flow requirements, the period where 
cash flow requirements are at a maximum (maximum exposure and risk) ; the period 
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when, as annual net cash flow beccxnes positive, investment recovery begins; 
and, when investment recovery is accomplished, the length of time to recover 
the investment. 

C.7 GENERAL EVALUATION OP FINANCIAL AND OPERATIONAL RESULTS 

Income Statements for the Two SPS Organizational Entities {Based on 30 mills/kWh) 
SPS Ground Segment Utility Consortia Corporation 

Income statements based on 30 mills/kWh without investment tax credit 
will yield an average annual net income of 15.06%. With investment tax credit, 
annual net income will approximate 16.35% of annual revenues. 

Income statements baaed on 40 mills/TcWh without investment tax credit will 
yield an annual average income of 15.59%. With investment tax credit, annual 
net income will approximate 16.52%, 

Evaluation of income statements for the SPS Ground Segment Utility Consortia 
Corporation must consider the financial performance of the National SPS Space 
Segment Corporation. While the income statements for the SPS Ground Segment 
Utility Consortia Corporation are satisfactory at 30 mills/kWh for return on 
revenues, return on investment, and cash flow analysis, they are not satisfactory 
for the National SPS Space Segment Corporation. 

National Space Segment Corporation (Federally Owned Entity) 

Income statements based on sales of electricity to the SPS Ground Segment 
at 19. mills/kWh (\diich would generate its revenues at a rate of 30 mills/kWh) 
will yield an average net income of 15.39%. However, this is not large enough 
of a percentage of profit to permit a return on investment comparable to that 
of the SPS Ground Segment Utility. 

Income statements based on an increased cost to the SPS Ground Segment 
(which wou3d then generate its revenues at a rate of 40 mills/kWh) will provide 
an annual average income of 26.79%. This percentage of profit is necessary for 
the SPS Space Segment entity to compare favorably with the SPS Ground Segment 
entity in return on investment. 

Evaluation of income statements for the National SPS Space Segment Corpor- 
ation should consider the size of the financial investment by the U.S. Govern- 
ment. To achieve a cash flow (income plus depreciation) sufficient to finance 
up to 70% of its investment requirements, the SPS Space Segment Corporation 
must sell electric power to the SPS Ground Segment Corporation at a rate of 
27 mills/kWh, which will add a cost of 13 mills/kWh, thus making the cost to 
the busbar 40 mills for its customers. 

Summary exhibits of SPS revenues and income statements for the National 
SPS Space Segment Corporation and the SPS Ground Segment Utility Consortia 
Corporation are furnished below for useful comparisons of performance at 
30 mills/kWh (Table C.7-1) and 40 mills/kl'Jh (Table C.7-2) , respectively. 
Computer printouts with further explicit details were generated and are avail- 
able. 
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Table C*7^1* Summary of SPS Revenues at 30 Mills/JcWh 


SPS. GROUND SCCtlENT UTILITY CONSORTIA— INCOME STATEMENT fOH 
THE TCAkS 1991 - J029 


SPS SPACE SEGMENT CORPORATION (PEOCRALtV CWNEO)- 
STATEMENT FOR THE YEARS 1991 * 2029 


REVENUE FROM SALE OF ELECTRICITY 


TOTAL OPERATING REVENUES 
(SALES ♦ OTHER) 

ANNUAL kWh SALES (000* s) 

CENTS PER kWh 

OPERATING COSTS 

PURCHASED POWER FROM SPS SPACE SEGMENT CORP. 

OPERATIONS AND MAINTENANCE 

DEPRECIATION C AMORTIZATION 

INTERIM REPLACEMENT EXPENSE 

PROPERTY INSURANCE 

STATE C LOCAL TAXES 

INTEREST COSTS 

INCOME TAXES 

I NVE STHENT TAX CREDIT ft OTHER 
i TOTAL OPERATING COSTS 


<S RILLIONS) i POWER SALES AND REVENUES 


OPERATING INCOME 
OTHER INCOME 

INCOME REFORE RGD EXPENSE 
RAD EXPENSE 


TOTAL INCOME ON REVENUES 


RETURN ON REVENUES U) 


2.3«7.S36 
79. 58k. 562 
3« 

l,k7k.92k 

lljkl 

167.12ft 

ZO.Zkb 

2.3kO 

65.k90 

191^003 

95*501 

(30.799) 

1.997. IBM 


TOTAL POWER REVENUES 
{ELECTRIC UTILITIES ♦ OTHER) 

ANNUAL kWh SALES (000 *t) 

CENTS PER kUh 

OPERATING COSTS 
I SATELLITE POWER PRODUCTION 
! SATELLITE INTERIM REPLACEMENT 
SATELLITE SYSTEM OPERATIONS C MAINTENANCE 
SPACE STATION INTERIM REPLACEMENT 
SPACE A5SEHRLV e SUPPORT EQUIPMENT EXPENSE 
HLLV INTERIM REPLACEMENT 
HLLV OPERATIONS C MAINTENANCE 
INTRA'ORBir VEHICLE INTERIH REPLACEMENT 
INTRA-ORB IT VEHICLE OPERATIONS i MAINTENANCE 

COTV interim replacement expense 

POTV INTERIM REPLACEMENT EXPENSE 
POTV OPERATIONS t MAINTENANCE 
FACILITIES INTERIM REPLACEMENT 
DEPRECIATION C AMORTIZATION 
PAYMENTS IN LIEU OF TAXES 
SOCIAL SCCiiSITY TAXES 


TOTAL OPERATING COSTS 


TOTAL INCOME ON REVENUES 


RETURN ON REVENUES (T) 


(S BILLIONS) 


1.476.92k 

79.5Bk.S62 

l.fi« 


IJ29.817 


OPERATING INCOME 

365.093 

OTHER INCOME 

TDD 

RSD EXPENSE 

TBD 

INCOME BEFORE INTEREST 

365.093 

INTEREST EXPENSE 

(117-996) 


NOTE; NUMBERS SHOWN HAVE BEEH HAOE TO ADD PRECISELY ANO THEREFORE HaV NOT AGREE EXACTLY ON THE LAST TWO DIGITS WITH THE 
COMPUTER PRINTOUTS DUE TO COMPUTER ROUNDING Of DATA INPUTS. 


Table C.7-2. Summary of SPS Revenues at 40 Mills/kWh 


SPS GROUND SEGMENT UTILITY CONSORTIA'- INCOME STATEMENT FOR SPS SPACE SEGMENT CORPORATION (FEDERALLY OWNED}— INCOME 
the YEARS 1991 - 2029 STATEMENT FOR THE YEARS 1991 - 2029 


RE .“"-t FROM SALE OF ELECTRICITY 


TOTAL OPERATING REVENUES 
{SALES ♦ OTHER) 

ANNUAL kWh SALES (QOO's) 

CENTS PER kWh 

OPERATING COSTS ^ 

PURCHASEO POWER FROM SPS SPACE SEGMENT CORP. 

OPERATIONS G MAINTENANCE 

OEPRECIATION t AMORTIZATION 

INTERIM REPLACEMENT EXPENSE 

PROPERTY INSURANCE 

STATE G LOCAL TAXES 

INTEREST COSTS 

INCOME TAXES 

INVESTMENT TAX CREDIT e OTHER 


TOTAL OPERATING COSTS 


OPERATING INCDHC 
OTHER INCOME 

INCOME BEFORE RtO EXPENSE 
RtD EXPENSE 

^ TOTAL INCOME ON REVENuS" 
RETURN OH Pr JEWJES (X) 


Is Bl LtlONS) 1 POWER SALES AND REVENUES 


fS aiLHONS) 


3,183*379 

79.58k,k2k 

4i 


2,109.911 

M.3kl 

167*127 

20.2k6 

2.3kO 

65.690 

191*003 

120.968 

(30.799) 


2.657*627 


TOTAL POWER REVENUES 
(ELECTRIC UTILITIES * OTHER) 

ANNUAL kWh SALES (000* s) 

GENTS PER kWh 

OPERATING COSTS 

POWER PRODUCTION 

SATELLITE INTERIM REPLACEMENT 

SATELLITE SYSTEM OPERATIONS S HAIHTENAHCE 

SPACE STATION INTERIM REPLACEMENT 

SPACE ASSY c SUPPORT EQUIPMENT EXPENSE 

HLLV INTERIM REPLACEMENT 

HLLV OPERATIONS C MAINTENANCE 

INTRA'ORBIT VEHICLE INTERIM REPtACEHCNT 

INTRA-ORBIT VEHICLE OPERATIONS L MAINTENANCE 

COTV INTERIM REPLACEMENT EXPENSE 

POTV INTERIM REPLACEMENT EXPENSE 

POTV OPERATIONS c HAIHTENAHCE 

FACILITIES INTERIM REPlACtMENT 

DEPRECTATiON £ AMORTIZATION 

PAYMENTS IN LIEU OF TAXES 

SOCIAL SECU RITY TAXES . 

I total operating tOSTS ~~ 

OPERATING INCOME 
OTHER INCOME 
INCOME BEFORE R£D 
RfiO EXPENSE 

INCOME BEFORE INTEREST 
INTEREST EXENSES 

f TOTAL INCOME ON REVENUES ~ 

RETURN ON REVENUES (2) 



79.5Bk.562 

2.7« 


659, Ml 
91.212 
Sk.flkI 
76.671 
7-378 
9*817 
60.990 
0.669 
O.DOk 
0.527 
0.153 
O.BIB 
3-291 

3BS.739 
73*783 
Zl . 660 

1.626.626 \ 

6B3.2B7 

TBD 

663.287 
TBD 

683.287 

(MB. 053) 

■ 565^^ j 


NOTEi NUMBERS SHOWN HAVE BEEN MADE TO ADD PRtCISELV AND TNEREFOBE MAY NOT AGREE EXACTLY ON THE LAST TWO OtOITi WITH 
THE COMPUTER PRINTOUTS DUE TO COMPUTER ROUNDING OF DATA INPUTS, 
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• srs Ground Scqmont utility vousortia at 

at M mi,lXi?/kWh and without invontiuont tax credit 
in financial computations 

- inemo statements 

- Invostn\eut and veturu ox^ investmiout 

- cash flow perfot-manco smmuary and 

iuvcstiuont recovery schedule 

at 40 millK/kWh with and without InvestJuont tax 
credit in financial computations 

- Income statome!\ts 

- investment and return on iiivesfment; 

- Cash flow performance summat-y and .investment 

.recovery sciunlule 


• SPS space SeqmoJit Corpora tiou {Federally Owned 

at IH milis/kWh cost basis to SPS Gi'oun.d Segment for 
30 mi.lXs/kWh total cost 


“ X 1 1 C om e s t<i t t'me n t s 
investment: and return 
~ CiVsh flow performance 
r ecoverv sched i\l o 

at 27 mllXs/kWh cost basis 
40 mill^s/kWh tota.l cost 


on investment 
s ry a nd i nv e s tiue n t 

to Gr'Oimd Seqmont for 


- income statement 

- investment aiuH return on investment 

- Cash flow performance summary and investmiont 

r'oco very schedu 1 e 


Principle' cC Importanco .in Eva.luntion of this iMnvinci.vl rairau\ol.cr 

Percent return on rovonuos i.s an liuportant t.ictor in appraisal of finan- 
cial performance; however, to he farther undoratood and .interpreted, it must 
also be taken and related to the sine of the investJuent (assets t^nployed) whi.'h, 
in .larcje part, made it possible to c)enerato the percent return on revejuies. 

This is discussed below (Assets l3n\ploYed and Return on Assets Hnployed) , 


A ssel-s -fi mployoci st a t ements and Rotund of Ass et s r-aitploye d for the_ UVo SPS 
Entities (based on -U> mills/kWh) 

Assets-mployed t^tatements for the SPS Ground Seymeivt Utility Consortia 
Corporation 

Assets-employod statements bastxi on dO mills/kWh invesbnent tax 

cred.it will prov.i.de an average yield on averacie net as.sets employed (ANAE) of 
ll.lH (Piqure C.7-1) . With investment tax crkxUt (ITC) , the .werasje yield on 
avei'aqe net assets employed over the 1991-2029 time jier.iod will approach 12.2%. 
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Figure C,7-I, 
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Asseta-^employod statemeivts based on 40 mills/kWh without i.nvostiuent tax 
credit will provide vin average yield on average not assets employed oi; 

{Figut'e C.7-3). With investment tax credit, the avex'agc yield on average net 
eissots empXoyixl over the 1991-2029 tliuo period will approacJi 10.1'l» (Figure 
C.7-4) . 

Evaluation of asset s-cmpIov'"ed statements and return on assets employed is 
a satisfactory performance in both cases. However, the factors permitting these 
acceptable performances must also permit acceptable percent returns on assets 
employed for the SPS Space Segment entity. 
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Assets-Employed Statements for the National SPS Space Segment Corporation 
(Federally Owned Entity) 

Assets- employed statements, based on 30 mills/kWh (at a sales price of 
19 mills/kWh to the SPS Ground Segment entity) do not permit an adequate return 
on assets employed. Average return on net assets employed over the total period 
of 1990-2029 = 2.7% (Figure C.7-5, If 30% of investment requirements are 
financed by bonds (long-term debt) , return on ANAE will improve to approximately 
4.0%. 
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NATIONAL SK SPACE SEGMENT CORPORATION CONCEPT IFEOERALLY-OWNEOMNVESTMENT AND 
RETURN ON INVESTMENT (AT M MILLS PER KILOWATT HOUR) 


Assets employed statements based on 40 mills/kWh (at a sales price of 
27 mills Awh to the SPS Ground Segment entity) will yield 6.7% (Figure C.7-6) 
on the average net assets employed (ANAE) . If 30% of investment requirements 
are financed by bonds (long-term debt) , return on ANAE will improve to approx- 
imately 10.0%. 
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MAtlQNAL6Pi SPACE SEGMENT CORPORATION CONCEPT (PEDERALLYOWNED) - INVESTMENT ANO 
RETURN ON INVESTMENT <AT 40 MILLS PER KILOWATT HOUR| 


^ ^OAziT:a 


Evaluation of assets^employed statemen-ts and return on assets employed is 
not satisfactory based on a sales price of 19 mills/kWh to the SPS Ground Seg^- 
ment entity- Based on a sales price of 27 mills/kWh to the SPS Ground Segment 
entity, an acceptable return on ANAE is achieved. This figui'e is furtlier 
improved and compares favorably with the typical utility return on investment, 
if it is assumed that 30% of the investment is financed by bonds (long-term 
debt) - 

Principle of Importance in Evaluation of tliis Financial Parameter 

Return on avex’age net assets is considered to be the most important par- 
ameter for appraisal of financial performance. It measured tlie effectiveness 
of the assets employed in generating income and is generally considered an 
important criterion in measuring the effectiveness of management. However, it 
too (like return on revenues) must be further understood and interpreted by 
relating it to asset turnover and to cash flow. The ability of an organiaa— 
tional entity to substantially finance its expansion out of self-generated 
funds is another important element in any financial evaluation. This is 
discussed next (Cash Flow Performance Summaries). 
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Cash Flow Performance Summaries and Investment Recovery Schedules 

Cumulative Cash Flow and Investment Schedule Recovery for the SPS Ground 
Segment Utility Consortia Corporation 

Cash flow performance and investment recovery schedules based on 30 mills 
per kilowatt hour without investment tax credit result in a maximum cumulative 
cash outlay of $48,112 billion in tlie year 2009. Investment recovery occurs 
in tlie year 2018, Time to recover investment is approximately 26*- 3/4 years. 
Positive cash flows of $205,135 billion are provided through tlie year 2029 
(Figure C.7-7). Based on 30 mills/kWh, with investment tax cr<i:dit^ maximum 
cumulative cash outlay is reduced to $41,021 billion and inve;aTjnent recovery 
occurs in the first quarter of the year 2018. Time to recover investment is 
approximately 26-1/4 years (Figure C.7-8) . Positive cash flows of $226,734 
billion are acliieved tlirough tho year 2029 for reinvestment or new investments. 


sn QAOUNO SEOMCNT UTILITY CORPORATION CONCEPT - CUMULATIVE CASH FLOW & 
INVEinrMENT RECOVERY SCHEDULE (AT 30 MILLS PER KILOWATT HOUR. 
EXCLUDES INVESTMENT TAX CREDIT! 
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SP8 GROUND SEGMENT UTIMTV CONSORTIA CORPORATION CONCEPT - CUMULATIVE CASH FLOW AND 
INVESTMENT RECOVERV SCHEDULE AT 30 MILLS PER KILOWATT HOUR 
(INCLUDES INVESTMENT TAX CREDITI 
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Cash flow performance and investment recovery schedule based on 40 mills 
per Jcilowatt hour without investmejit tax credit results in a maximum cumulative 
cash outlay of $37,383 billion in the year 2006^ Investment recovery occurs in 
the year 2015. Positive- cash flows of $336,318 billion are provided through 
the year 2029 (Figure C.7-9) . Based on 40 mills/kWh^ with investment tax 
credit^ maximum cumulative cash outlay is reduced to $33,586 billion. Invest*- 
ment recovery occurs in the first quarter of tiie year 2015. Positive cash 
flows of $397,917 billion are achieved through the year 2029 (Pigux'e C.7-10) . 

Time to recover investment is 23-1/2 years witliout investment tax credit, and 
23-1/4 years with investment tax credit. 

Evaluation of the cash flow performances based on 30 mills/kWh and 
40 mills/ktVli provides suitable performances for the SPS Ground Segment Utility 
Consortia Corporation in all cases considered. However ^ the factors resulting 
in these acceptab le performances must also permit acceptab le cash flow per- 
formance levels for the SPS Space Segment entity with its greater investment 
requirements. 

Since the investment recovery periods may appear to the uninitiated observer/ 
analyst of cash flow methodology to involve long periods of time, a special anal- 
ysis was undertaken to show a cumulative cash flow performance summary and 
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SPS GROUND SEGMENT UTILITY CONSORTIA CORPORATION - CUMULATIVE CASH FLOW AND 
INVESTMENT RECOVERY SCHEDULE (AT 40 MILLS PER KWHR, 

INCLUDES INVESTMENT TAX CREDIT) 


C-28 

“ / 


SD 78-AP-0023 



Rockw^l International 

Space DhMon 


investment recovery schedule based on a single geographical consortia with a 
requirement for six SPS installations (Figure C.7-11). Since there are no 
further capital investments after the installation of six operational rectenna 
sites (with an operational life of 30 years ) , the revenues/sales become an annual 
constant; net working capital also becomes an annual constant, and cash flow 
results in investment recovery being accomplished in 11-3/4 years. However, the 
120 satellites and Ground Segment System, as scheduled, requires continuous 
annual investments and increases in working capital to satisfy the projected 
increased demand. Also, it is the financial nature of business investments 
that revenues and profits will always lag the investments. Ultimately, it is 
the intent of those investing in any business to plan for a cessation of major 
capital investments, and a leveling-off of net working capital requirements; 
and, to anticipate a satisfactory return on revenues/sales, a satisfactory 
return on investment, and to also anticipate a return of investment via cash 
flow over a period of time that is commensurate with the size of revenues/ 
sales and profits, rewards, and the risks taken in malting the investment. 



I 


i 


1M 

n 

n 

N 

n 

H 

If 

10 

u 

ul 

**\ 


8 

2 

S 


tWm.*Tivi CAW FiflwMOfaiiwAiicuiin -mwi 

• CUHUIATIWI MVf HUfWUt ^ lltllO IlCUREOHLV CUZ J4l I 

* CUHULAIIVE HT IRCOMt I U IN • 

■ AOO^ OWKfCUTiPItAMDAIlQimATlOli | Itijil 

ri*tlCCMWI»flOWfR0M0PtRM41)M| | I tflWl 

««»TIIACT: CJifirAUHVfSiimiT n II ON It 

■ tUtl MCT: iliCimillll<0IUlil6CAmAi ($ tMI 

1 tWlllATlVI NIT CAtH now ilCBVIlV PQHT4QII | | M4I3I 


OIUGINAE KSCE 
•>OOR QUALTTlVI 


^ C4IH flow 
i AVAUULEfDI 
^ AOOITIDAAUaTHEA 


4* 

II 

II 

1 

I. 

HiUmNillT AECOYCAYPCmOD 

II IN VIMI ^ 


ft 

It 

are C.7-11. u 
— Jl 

- 

■X/ 


■d.HOfflATKUIAl UNITt 

- 

- 

- 

- 

- 

1 


1 

• 

• 

t 

1 

1 

• 

1 

< 

I 


- 

- 
















CUN. WT CASH f LM 

- 

- 

It MSI 

ItftN) 

(Mill 

am 

IlftJIIJ 

IIM4 

UNI 

Hm 

it.m 

U.11t 

MJM 

lIMft 

fttni 

MlTt 

ItltZ 





































SfiUlCD YlAn 

IMF 

tin 

IMI 


IMS 

. 1*M 

zooo 

mi 

ZOOl 


nil 

nift 

»ll 

»ZI 


znz 



CASH FLOW SUMMARY DATA FOR AN SPS-GROUND SEGMENT UTILITY CONSORTIA CORPORATION 
BASED ON A UTILITY CONSORTIA FORMED FOR SIX RECTENNA OPERATIONAL SITES 
(DATA BASED ON 40 MILLS PER KILOWATT-HOURI 
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Cumulative Cash Flow and Investment Schedule Recovery for the National SPS 
Space Segment (Federally Owned) Corporation 

Cash flow performance and investment recovery schedules based on 30 mills 
per kilowatt hour (a charge of 19 mills/kWh to the SFS Ground Segment Utility 
Consortia entity) achieves investment recovery of approximately 79^ of the 
investment. Total investment recovery would occur in the year 2034, a time 
period of approximately 46-1/2 years to recover investment* This is obviously 
too long a period based on siae of the cash outlays. The cumulative cash flow 
outlay reaches $249,107 billion in the year 2018 before declining (Figure C.7-12), 
Cash flow performance and investment schedules based on 40 mills/kWh (a cost of 
27 mills/kWh to the SPS Ground Segment Utility Consortia entity) achieves invest- 
ment recovery in approximately 35-3/4 years. Maximiuu cumulative cash outlay is 
$162,359 billion, occurring in the year 2012 (Figure C,7-13). Investment occurs 
in the tliird quarter of the year 2034 , This cash flow performance and invest- 
ment recovery is considered to be acceptable based on the size of the investment 
and the i‘eturn on sales/ revenues. 
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NATIONAL BPS SPACE SEGMENT GOHPORATION CONCEPT (FEDERALLY-OWNED) - CUMULATIVE CASH FLOWN 
INVESTMENT RECOVERY SCHEDULE AT 40 MILLS PER KILOWATT HOUR 
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Principle of Importance in Evaluation of this Financial Parameter 

The basic value of a cash flow analysis lies in its ability to provide 
a useful yardstick for measuring the capability of an operational entity to 
finance expansion from self-generated cash. Cash flow analysis is useful in 
determining the value of an opportunity^ risks involved, and evaluation of 
desirable strategies- The basis for conducting a cash flow analysis stems 
from the size of the penetrable market, and considers the planned sales 
levels, size of the investment requirements (capital investments and working 
capital) , total expected income to be derived from the investment, the tech- 
nological merits of the program, and the strategic timing of the investment. 
Cash flow analysis provides an evaluation of the risks involved; (1) maxi- 
mum cash outlay requirements, (2) time to recover investment, (3) appraisal 
of the likelihood/desirability of proceeding from DDT&E to operational sys- 
tems/production hardware, and (4) the evaluation of alternative courses of 
action based on considerations of costs and applicability* 
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Satellite Power System Cumulative Cash Flow Performance and Investment 
Recovery Schedule for the Combined SPS Space Segment Corporation and the SPS 
Ground Segment Utility Consortia Corporation 

The combined cash flows the the two major entities comprising the SPS 
program show a satisfactory investment recovery based on 40 mills/kWh. The 
cumulative cash flow data are given for the years 1988 through 2029. Maximum 
cumulative investment for the combined entities reaches $182,684 billion in 
the year 2009. The investment recovery period is approximately 32-1/4 years 
(Figure C-7-14), The cumulative net cash flow position at the end of the 
year 2029 amounts to $566,790 billion for the combined entities. 


TOTAL SATCLLITE mWER SYSTEM CUMUUTIVE CASH FLOW PERFORMANCE AND INVESTMENT 
RECOVERY SCHEDULE FOR THE COMBINED SPS SPACE SEGMENT CORPORATION & THE SPS GROUND SEGMENT UTILITY 
CONSORTIA CORPORATION ( AT 40 MILLS PER KILOWATT HOUR, WITH INVESTMENT TAX CREDIT) 
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Heview of Selected Financial Assumptions and/or Explanations 
Investment Tax Credit (SPS Ground Segment Utility Consortia Corp* Only) 

Investment tax credits (ITC) have been assumed for the SPS Ground Segment 
Utility under the Tax Reduction Act of 1975 * It is presumed that the policies 
adopted for accounting purposes would also be applied for rate-making purposes 
by those regulatory authorities exercising jurisdiction over the rates of the 
utilities participating in the SPS Ground Segment entity. Under the provisions 
of the Act, it is further presumed that the utility consortia will choose, for 
accounting and rate-making purposes, to defer the ITC and amortize the credits 
ratably over the book lives of the SPS Ground Segment properties generating 
such credits by reducing income tax expense. 

It is useful to review the purpose of the ITC and to indicate what it 
means to the SPS Gr* und Segment Utility Corporation concept. The U.S. Govern- 
ment, under the Ta^c Reduction Act of 1975 (originally offered in 1962) offers 
both industrial and utility corporations a significant incentive to add to 
their productive assets and earning power on the theory that this aids the 
economy in a number of ways. Industrial companies have the opportunity to 
reduce their income tax bills up to a full 10% of the cost of new equipment. 
Utility companies which purchase, for instance, new generating equipment also 
get a similar tax credit, although in their case it is limited to 10% of the 
cost of the assets acquired for power generation, 

A company, under most circumstances, must take the full tax credit for 
tax purposes for the year in which the equipment was first utilized. It can, 
however, spread the tax benefit over the estimated useful life of the asset 
for accounting purposes. The following examples show how it might be used for 
a company. 

Example 1 . Assume that a corporation has profit before taxes of $100 
million. If income taxes are assumed at a 50% rate, profit after taxes will 
amount to $50 million. Now, if the corporation purchased $50 million in new 
machinery and equipment in that year for production activities, its income 
tax bill of $50 million could be reduced by 10% as follows; 

Profit before taxes $100,000,000 

Income taxes at 50% $50,000,000 

Less; Investment tax credit $ 5,000,000 $ 45,000,000 

Net income (profit after taxes) $ 55,000,000 

Example 2 . The corporation could also elect to r;piead the benefit over 
a five-year period, for example: 

Profit before taxes $100,000,000 

Income taxes at 50% $50,000,000 

Less: Investment tax credit $ 1,000,000 $ 49,000,000 

Net income (profit after taxes) $ 51,000,000 
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There is considerable evidence that the investment tax credit (ITC) has 
contributed substantially to an upsux-ge in capital goods sales. There are 
few firms to which tlie tax exemption is not important. Another fact of 
importance is the broad array of investor-owned companies which have improved 
their earnings, both through the benefit in lower tax bills and improvement 
in profitability through the employment of new, improved equipment. For 
utility companies, the ITC has made it possible to increase power generating 
capacity without )\aving to drastically increase the cost per kilowatt-^hour 
to its customers to recover its investment* 

The use of the ITC for the SPS Ground Segment Utility Consortia has been 
tested in the conventional manner and then related to revenues as a ratio for 
ease of computation* The figuxres shown in tlie ITC computation include recog* 
nition for allowance of funds used during construction CADC) which is the 
generally accepted accounting procedure designed to restore profit after 
taxes to tlic^t which would have been experienced without the construction 
program through the transfer of such costs from the income statement to the 
balance sheet as utility plan construction work-in-progress. Although ADC 
is included in ITC, it should not be considered as representative of current 
cash earnings. 

SPS Ground Segment Plant and Prox>erty Investments — Government Licenses 

It is contemplated tliat SPS Ground Segment installations will be located 
in wliole or in part on lands of the United States under Gover™ent licenses 
and permits with vax'ying expiration dates* Such licenses and permits will 
no doubt contain numex*ous i‘estrictions and obligations, including the right 
of the United States to acquire the projects, ui^der certain conditions, upon 
payment of specified compensation* 

Leases and Rentals (SPS Ground Segment) 

It is assumed that the SPS Ground Segment utility will involve the 
necessity for renting or leasing automotive equipment, computer equipment, 
fuel, office space, and other- incidental equipment and property* The total 
annual gross lease expenses has been estimated -it less than one percent of 
operating revenues. (NOTE: A general rule of leasing is that the present 

value of the minimum commitments of all ^‘^on-capitaliaed financing leases 
should always be less than five percent of capitalization. The majority 
of expenses under lease commitments is considered as charged to other oper- 
ating expe^ses. The impact on profit after taxes, if these commitments were 
to be capitalized, would not be significant*) 

Financial Statements 

The financial statements include the accounts of the respective SPS 
er*.ities and are representative of the uniform systems of tlie accounts that 
would be prescribed by the utility regulatory commissions having jurisdiction 
with respect to accounting matters. 
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Revenues 

Revenues for the SPS Ground Segment entity have been derived on the basis 
of a ground rule that each SPS installation will provide 5000 megawatts of 
electrical power for 8760 hours for each year of planned operation- Although 
transmission and distribution cost factors are not included in financial data^ 
an assumption was made that revenues would be billed to utility customers on 
a monthly cycle billing- At the end of each month there would be an unbilled 
electric service which has been rendered from the previous/last month's meter 
reading to the month-end* It is assumed that the SPS Ground Segment utility 
will be billed in a related fashion for its purchases of electric power by the 
SPS Space Segment entity. 

Interim Replacement costs 

Interim replacement costs, as used in the financial models, are not con-* 
sidered replacements of retirement units of property. Where there would be 
additions to utility plant and replacements of retirement units of property, 
these are capitalized at original cost. Interim replacement costs in the 
model are charged as expense, similar to maintenance, with the cost of repairs 
and minor renewals. 

Depreciation and Amortization 

Traditionally, the annual provisions for depreciation are computed by 
the use of Gcmposite rates applied on the straight-line method for financial 
accounting and principally on accelerated methods for income tax purposes - 
The effect of this difference in recording depreciation provides a reduction 
in income taxes, the benefit of which, effective with respect to additions to 
the utility facilities, is deferred (normalized) for credit to subsequent 
years when financial accounting expense exceeds tax expense - 

In the model, depreciation and amortization provisions have been 
developed and re-established as a percent of total revenues to facilitate 
computations and simplify tlie construction of the financial statements of 
the model - 

Accounting Changes by the FASB that could Impact Utility Income Statements 
Financial Accounting Standards Board (FASB) 

Earlier this year (1978) , the FASB appointed a special study team to 
consider whether one key utility accounting practices, l.e., the deferral 
of major costs for years, is still justified and whether the exception should 
be extended to other rate-regulated industries. Utility accountants are quite 
concerned about this effort by the ?ASB to streamline accounting rules for the 
utilities - 

The FASB has been pressured by the Securities and Exchange Commission, 
CPA's, and financial analysts to examine utility accounting, which is con-^ 
sidered second-class accounting. This is because many accountants do not 
go along with present utility accounting exceptions and cost deferrals. For 
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example f a flood or storm damage to an industrial concern would have to be 
taken out of its current year profit. But the same looses to a utility plant 
could likely be deferred and written off over several years. It is nearly 
impossible to quantify the impact of eliminating that differeice for a util- 
ity, However, it would clearly result in reduced earnings that would be 
reported by the utility to its share holders. Reported costs also would 
be higher — at least in the short-run — without an offsetting increase in the 
revenues rate regulators allow utilities to collect. 

Utility accounting has always been unique. In addition to the example 
of flood damage, regulators routinely mandate that utilities defer such things 
as research and development costs and write-offs for plants that are closed 
before being fully depreciated. Under generally accepted accounting princi- 
ples (GAAP) other companies must treat those items as expenses in the year 
they are incurred. 

Utility accounting methods are viewed as somewhat "fuzzy’’ by most of the 
accounting profession. When a particular accounting exception cannot be 
explained under the GAAP, a problem exists. Most of these accounting problems 
arise out of a document commonly referred to as "the addendum," which is a 
vaguely worded paragraph addition to a 1962 ruling by the old Accounting 
Principles Board, the predecessor of the more sophisticated FASB. The adden- 
dum allowed utilities to treat tax b enefits, such as investment tax credits 
or accelerated depreciation, in their shareholder reports in the same manner 
required by utility regulators for rate-making purposes. The varied approaches 
by regulators permit utilities to spread tax reduction benefits over the life 
of the assets, or "normalized,** while other regulators demand that they flow 
immediately to income. But the broadly worded addendum, however, goes even 
further. When rate regulators require a utility to recognize cost in a dif- 
ferent period than GAAP requires for non-regulated companies, tlie addendum 
allows tlie utility to report those costs to the shareholders in the same 
manner . 

Most utilities insist the addendum is not a deviation from the GAAP, 
but rather a different and necessary application of GAAP to economic circiam- 
stances unique to rate regulation. Most companies are free to pass along 
higher costs when incurred. Utilities, of course, are not permitted to do 
so until a rate hike has been permitted by the rate regulators. Utilities 
argue, therefore, that the addendum is essential to their operations. How- 
ever, other rate-regulated industries such as insurance companies and health- 
care facilities are not permitted this method of accounting. 

Many accountants, including utility accountants, admit that if overall 
accounting concepts v/ere more carefully defined, the addendum could be elim- 
inated. At the same tJjne, legitimate differences between utility and non- 
utility accounting could be preserved. Presently, the addendum offers a 
no-holds-barred out to rationalize just about anything in accounting the 
utilities want to do; and their earnings seem tainted because they have an 
exception in the addendum no one else has. The FASB is currently at work 
to eliminate the addendum. 
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It is easy to forecast the actions that would be taken by the utilities 
industry if they lose tlie benefits of "tlie addendum.” They would seek higher 
immediate rates to salvage their earnings and competitive position in finan- 
cial markets. Presently, some utilities are counting on the FASB settling 
for a better explanation of the addendum's application rather than eliminate 
it. Others are not so hopeful. At least, the FASB investigation should 
give more credibility to utility reports. 
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